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           5-2-4-1. ࢚࣐ࣝࢩࣙࣥࢱ࢖ࣉࡢᙳ㡪  
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ㄽᩥせ᪨  
 
ᮏㄽᩥࡣࠊ1 ❶࠿ࡽ 6 ❶ࡲ࡛࡛ᵓᡂࡉࢀ࡚࠾ࡾࠊ௨ୗࡢ࡜࠾ࡾ࡛࠶ࡿࠋ  
1 ❶࡛ࡣࠊᮏㄽᩥࡢ⫼ᬒ㸪ព⩏࠾ࡼࡧ┠ⓗ➼࡟ࡘ࠸࡚♧ࡋࡓࠋ≉࡟ࠊᆅ
⌫ୖ࡟㇏ᐩ࡟Ꮡᅾࡍࡿ⢓ᅵ㖔≀ࡣ༓ࡢ⏝㏵ࢆᣢࡘ⣲ᮦ࡜࠸ࢃࢀࠊ฼⏝ἲࡶ
ከᒱ࡟ࢃࡓࡗ࡚࠸ࡿࠋ୰࡛ࡶࢫ࣓ࢡࢱ࢖ࢺ࡜ࡼࡤࢀࡿᯈ≧ࡢ⢓ᅵ㖔≀ࡣࠊ
ᒙ≧ᵓ㐀ࢆᙧᡂࡋ࡚࠾ࡾࠊỈ୰࡛๤㞳ࡋࠊࡑࡢಶࠎࡀࢿࢵࢺ࣮࣡ࢡࢆᙧᡂ
ࡋ࡚ቑ⢓ࡍࡿᶵ⬟ࡀ࠶ࡿࡇ࡜࠿ࡽࠊ୺࡟ᅵᮌࡢศ㔝࡛ቑ⢓๣࡜ࡋ࡚⏝࠸ࡽ
ࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊࢫ࣓ࢡࢱ࢖ࢺࢤࣝࡢ⤒᫬࡛ࡢ⢓ᗘኚ໬㸦࢚࣮ࢪࣥ
ࢢ㸧ࠊ࠾ࡼࡧ㞳Ỉࡣࡼࡃ▱ࡽࢀࡓ⌧㇟࡛࠶ࡿࡀࠊᅵᮌࡢศ㔝࡛ࡣ኱ࡁ࡞ၥ
㢟࡜ࡣ࡞ࡽ࡞࠸ࡓࡵࡇࢀࢆᢚไࡍࡿ࡜࠸࠺ヨࡳࡣ࡞ࡉࢀ࡚࠸࡞࠸ࠋᮏ◊✲
࡛ࡣࠊ᪂つ࡞࢚࣐ࣝࢩࣙࣥࢆ๰〇ࡍࡿୖ࡟࠾࠸࡚ࠊࢫ࣓ࢡࢱ࢖ࢺ࡜㧗ศᏊ
࡜ࢆ」ྜ໬ࡍࡿࡇ࡜࡛ࠊ࢚࣮ࢪࣥࢢ࡜㞳Ỉࢆᢚไࡋࠊࢫ࣓ࢡࢱ࢖ࢺࢆỗ⏝
໬࡛ࡁࡿᢏ⾡ࡢ☜❧࡜ࠊࡑࡢᶵᵓゎ᫂ࢆヨࡳࡓࠋ  
࣏࢚ࣜࢳࣞࣥࢢࣜࢥ࣮ࣝ (PEG)࡜ࢫ࣓ࢡࢱ࢖ࢺࢆ」ྜ໬ࡍࡿ࡜ࠊࢫ࣓ࢡ
ࢱ࢖ࢺ༢⊂ࡢࢤࣝ࡜ẚ㍑ࡋ࡚⢓ᗘࡀῶᑡࡍࡿࡇ࡜ࡀࢃ࠿ࡗ࡚࠸ࡿࠋᮏ◊✲
࡛ࡣࠊPEG ࡀࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚࡢศᩓᛶࢆྥୖࡋࠊ⢏Ꮚྠኈࡢࡘ࡞ࡂ㸦⤖
╔๣㸧࡜ࡋ࡚స⏝ࡍࡿࡇ࡜࡛㞳Ỉࢆᢚไࡍࡿࡇ࡜ࢆ᪂ࡓ࡟ぢฟࡋࠊᮏ❶࡛
㏙࡭ࡓ㸦2 ❶㸧ࠋ  
 ୍᪉ࠊᅛయ⢏Ꮚࢆங໬๣࡜ࡋ࡚⏝࠸ࡓࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥᢏ⾡
ࡀࠊ1990 ᖺࡈࢁ࠿ࡽࡉ࠿ࢇ࡟◊✲ࡉࢀ࡚࠾ࡾࠊ⢓ᅵ㖔≀࡟ࡘ࠸࡚ࡶ᳨ウࡀ
࡞ࡉࢀ࡚࠸ࡿࠋࢫ࣓ࢡࢱ࢖ࢺࡣぶỈᛶࡀ㧗࠸ࡓࡵࠊࢫ࣓ࢡࢱ࢖ࢺࢆங໬๣
࡜ࡋ࡚⏝࠸ࡿሙྜ࡟ࡣ㏻ᖖ⏺㠃άᛶ๣➼࡛⾲㠃ࢆ␯Ỉ໬ࡍࡿࠋ๓㏙ࡢ࡜࠾
ࡾࠊ㧗ศᏊ PEG ࡀࢫ࣓ࢡࢱ࢖ࢺࡢ」ྜ໬࡟࠾ࡅࡿࡘ࡞ࡂࡢᙺ๭࡜ࡋ࡚ാࡃ
ࡇ࡜࡛㞳Ỉࡀᢚไࡉࢀࡿࡇ࡜ࡀ♧ࡉࢀࡓࡀࠊḟ࡟」ྜ໬ࡍࡿ㧗ศᏊ࡜ࡋ࡚
࢝ࢳ࢜ࣥᛶ㧗ศᏊࢆ⏝࠸ࠊࡇࡢ」ྜయࡢቑ⢓࣭ங໬ᶵ⬟࡜ᶵᵓࢆㄪ࡭ࡓࠋ  
⾲㠃࡟㈇㟁Ⲵࢆ᭷ࡍࡿࢫ࣓ࢡࢱ࢖ࢺ࡜࢝ࢳ࢜ࣥᛶ㧗ศᏊ࡜ࡢ┦஫స⏝࡟
ࡘ࠸࡚ࡣࡇࢀࡲ࡛࡟ࡶ◊✲౛ࡀ࠶ࡿࡀࠊࡇࢀࡽ」ྜయࡢቑ⢓࣭ங໬ᶵ⬟࡟
ࡘ࠸࡚ࡣሗ࿌౛ࡀ࡞࠸ࠋ࢝ࢳ࢜ࣥᛶ㧗ศᏊࡣ⢏Ꮚ⾲㠃ࢆ␯Ỉ໬ࡍࡿࡔࡅ࡛
࡞ࡃࠊ⢏Ꮚྠኈࡢ㟼㟁┦஫స⏝ࢆῶࡌࠊ」ྜయࡣங໬࣭⪏ሷᛶቑ⢓๣࡜ࡋ
1 
࡚ᶵ⬟ࡍࡿࡇ࡜ࢆึࡵ࡚᫂ࡽ࠿࡟ࡋࠊᮏ❶࡛㏙࡭ࡓࠋࡉࡽ࡟ࠊ」ྜ໬ࡍࡿ
࢝ࢳ࢜ࣥᛶ㧗ศᏊࢆኚ࠼࡚ࠊ㧗ศᏊࡢศᏊ㔞࡜࢝ࢳ࢜ࣥ໬ᗘ࡜ࡀቑ⢓࣭ங
໬ᶵ⬟࡟࠾ࡼࡰࡍᙳ㡪ࡢ㛵ಀ࡟ࡘ࠸᳨࡚ウࡋࡓࡇ࡜ࡶ♧ࡋࡓ㸦 3 ❶㸧ࠋ  
ࡇࡇࡲ࡛ࢫ࣓ࢡࢱ࢖ࢺࡢỈ୰࡛ࡢᣲື࡟ࡘ࠸᳨࡚ウࡋ࡚ࡁࡓࡀࠊḟ࡟ࢫ
࣓ࢡࢱ࢖ࢺࢆ࢝ࢳ࢜ࣥᛶ⏺㠃άᛶ๣࡛␯Ỉ໬ࡋࡓ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢࠊἜ
୰࡛ࡢᣲື࡟ࡘ࠸࡚⢭ᰝࡋࡓࠋ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢቑ⢓ᶵᵓ࡟ࡘ࠸࡚ࡣ◊
✲౛ࡀᑡ࡞ࡃࠊࣀࢽ࢜ࣥᛶ⏺㠃άᛶ๣࡜᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢẚ⋡࡟ࡼࡾ⢓
ᗘࡀኚ໬ࡍࡿ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࡣศ࠿ࡗ࡚࠸࡞࠿ࡗࡓࠋࣀࢽ࢜ࣥᛶ⏺㠃
άᛶ๣ࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀࡬ࡢ྾╔ᣲື࡜ศᩓᛶ࠿ࡽࠊቑ⢓ᶵᵓ࡟ࡘ࠸࡚
⪃ᐹࡋࠊᑡ࡞࠸⏺㠃άᛶ๣ࡢῧຍ㔞࡛Ᏻᐃ࡞ W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆྜᡂࡍ
ࡿ᪂つ࡞᪉ἲㄽࢆ☜❧ࡋࠊࡑࡢヲ⣽࡟ࡘ࠸࡚㏙࡭ࡓ㸦 4 ❶㸧ࠋ  
ࡉࡽ࡟ࠊࡇࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢቑ⢓࣭ங໬ᶵ⬟ࢆά⏝ࡋࠊ⏺㠃άᛶ๣
࡛ࡣྜᡂࡀᅔ㞴࡞ࠊᏳᐃ࡞ O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ᪂つྜᡂ᪉
ἲ࡜ࡑࡢᏳᐃ໬ᶵᵓ࡟ࡘ࠸᳨࡚ウࡋࡓ⤖ᯝ࡟ࡘ࠸࡚㏙࡭ࡓࠋ᭷ᶵኚᛶ⢓ᅵ
㖔≀ࡀ⏺㠃࡟྾╔ࡍࡿࡇ࡜࡛ࠊෆἜ┦࡜እἜ┦࡜ࡢྜ୍ࢆᢚไࡋ࡚࠸ࡿࡇ
࡜ࢆࠊෆἜ┦୰࡟㓄ྜࡋࡓࣅࢱ࣑ࣥ A ࡢṧᏑ⋡ࢆㄪ࡭ࡿࡇ࡜࡛᫂ࡽ࠿࡟
ࡋࠊᮏ❶࡛㏙࡭ࡓࠋࡲࡓࠊ㧗⣭࢔ࣝࢥ࣮ࣝࢆෆἜ┦࡟㓄ྜࡋ࡚ O/W ⏺㠃ࢆ
ᅛ໬ࡋࡓ O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡣࠊࢩ࢙࢔ࢆຍ࠼ࡿ࡜ẁ㝵ⓗ࡟
ங໬⢏Ꮚࡀᔂቯࡋࠊ≉Ṧ࡞ࣞ࢜ࣟࢪ࣮ᣲືࢆ♧ࡍࡇ࡜ࡶぢฟࡋࠊᮏ❶࡛㏙
࡭ࡓ㸦5 ❶㸧ࠋ  
 6 ❶࡛ࡣࠊᮏㄽᩥࡢ⥲ᣓࢆ⾜࠸ࠊ⤖ㄽ࡞ࡽࡧ࡟௒ᚋࡢᒎᮃ࡟ࡘ࠸࡚㏙࡭
ࡓࠋᮏㄽᩥ࡛╔┠ࡋࡓࢫ࣓ࢡࢱ࢖ࢺࡣࠊ⾲㠃࡟㟁Ⲵࢆ᭷ࡍࡿࡇ࡜ࠊᒙ≧ᵓ
㐀࡟࠾ࡅࡿ➃㠃࡜⾲㠃ࡢᛶ㉁ࡀ␗࡞ࡿࡇ࡜ࠊ࢔ࢫ࣌ࢡࢺẚࡀ㧗ࡃࢩ࢙࢔࡟
ࡼࡾ㓄ྥࡋࡸࡍ࠸ࡇ࡜➼ࠊ௚ࡢ⢏Ꮚ࡟ࡣ࡞࠸≉ᚩࢆ᭷ࡍࡿࠋࡑࡢࡓࡵࠊ
ᵝࠎ࡞≀㉁࡜┦஫స⏝ࡋ᫆ࡃࠊࡑࢀ࡟ࡼࡾከ㠃ⓗ࡞ᶵ⬟ࢆ⏕ࡳฟࡍ⯆࿡῝
࠸⣲ᮦ࡛࠶ࡿࠋᮏㄽᩥ࡛ࡣࠊ᪂つ࡞࢚࣐ࣝࢩࣙࣥࢆ๰〇ࡍࡿࢫ࣓ࢡࢱ࢖ࢺ
໬ྜ≀ࡢቑ⢓࣭ங໬≉ᛶ࡜ࡑࡢᶵᵓゎ᫂࡟ࡘ࠸࡚◊✲ࡋࠊࡲ࡜ࡵࡓࠋ௒
ᚋࠊࢫ࣓ࢡࢱ࢖ࢺ࡜࠸࠺⣲ᮦࡣ௚ࡢ≀㉁࡜ࡢ」ྜ໬࡟ࡼࡾࠊࡇࢀࡲ࡛௨ୖ
ࡢ᝿ീࢆ㉸࠼ࡿ㧗ᶵ⬟≀㉁ࡀ⏕ࡲࢀࡿ࡜ᮇᚅࡉࢀࡿࡇ࡜➼ࢆ௒ᚋࡢᒎᮃ࡜
ࡋ࡚㏙࡭ࡓࠋ  
 
2 
3 
 
1 ❶  ࢖ࣥࢺࣟࢲࢡࢩࣙࣥ  
 ࡣࡌࡵ࡟ࠊᮏ◊✲ࡣࢫ࣓ࢡࢱ࢖ࢺ໬ྜ≀ࢆ໬⢝ရ࡬ᛂ⏝ࡍࡿࡇ࡜࡟╔┠ࡋ࡚㐍
ࡵࡓ◊✲࡛࠶ࡿࡇ࡜ࢆ㏙࡭࡚࠾ࡃࠋ  
1-1. ࢚࣐ࣝࢩࣙࣥㄪ〇࡟࠾ࡅࡿ⏺㠃άᛶ๣࡜ቑ⢓๣ࡢᙺ๭  
࢚࣐ࣝࢩࣙࣥ㸦ங໬≀㸧ࡣᵝࠎ࡞᪥⏝ရ࡟࠾࠸࡚㔜せ࡞ᙺ๭ࢆᯝࡓࡋ࡚࠾ࡾࠊ
㣗ရࡸ໬⢝ရࠊ་⸆ရ࡞࡝ከᒱ࡟ࢃࡓࡿศ㔝࡛ࠊங໬ᢏ⾡ࡀά⏝ࡉࢀ࡚࠸ࡿࠋ࢚
࣐ࣝࢩࣙࣥ࡜ࡣࠊ஫࠸࡟ΰࡌࡾྜࢃ࡞࠸ᾮయ࡟࠾࠸࡚ࠊ∦᪉ࡢᾮయ୰࡟ࡶ࠺∦᪉
ࡢᾮయࡀ⣽࠿ࡃศᩓࡉࢀࡓ≧ែࢆ♧ࡍࠋከࡃࡢሙྜ∦᪉ࡢᾮయࡣỈ࡛࠶ࡾࠊࡶ࠺
∦᪉ࡢ᭷ᶵᾮయࢆ㏻ᖖࠕἜ┦ࠖ࡜ࡼࡪࠋ࢚࣐ࣝࢩࣙࣥࡣ⇕ຊᏛⓗ࡟୙Ᏻᐃ࡞⣔࡛
࠶ࡿࡓࡵࠊྜ୍ࠊࡍ࡞ࢃࡕศᩓ┦ࡀ⼥ྜࡋ࡚㐃⥆┦࡟࡞ࡾࠊ࢚࣐ࣝࢩࣙࣥࡀ◚ቯ
ࡉࢀࡿࡇ࡜ࡀࡋࡤࡋࡤ㉳ࡇࡿ㸦Fig.1㸧ࠋ࢚࣐ࣝࢩࣙࣥࢆᏳᐃ໬ࡍࡿࡓࡵࡢ᭱ࡶ୍
⯡ⓗ࡞᪉ἲࡣࠊ⏺㠃άᛶ๣ࢆῧຍࡍࡿࡇ࡜࡛࠶ࡾ (Fig.2a)ࠊ་⸆ရࡸ໬⢝ရࠊ㣗ရ
࡞࡝ࠊయෆ࡟ྲྀࡾ㎸ࡲࢀࡿࡇ࡜ࡀከ࠸᪥⏝ရࡢሙྜ࡟ࡣࠊᏳ඲ᛶࡢ㧗࠸㠀࢖࢜ࣥ
ᛶ⏺㠃άᛶ๣ࡀ୍⯡ⓗ࡟⏝࠸ࡽࢀࡿࠋ  ࡲࡓࠊங໬⢏Ꮚࡢᾋୖ㸦ࢡ࣮࣑ࣜࣥࢢ㸧
࠾ࡼࡧจ㞟ࢆ㜵ࡄࡓࡵ࡟ࡣࠊእ┦㸦㐃⥆┦㸧࡟ቑ⢓๣ࢆῧຍࡍࡿࡢࡀຠᯝⓗ࡛࠶
ࡿࠋ  
໬⢝ရ࡟࠾࠸࡚ࡣࠊ〇๣ࡢங໬ᏳᐃᛶࡀⰋዲ࡛࠶ࡿࡇ࡜ࡢࡳ࡞ࡽࡎࠊ〇๣ࡀᚰ
ᆅⰋ࠸ឤゐࢆ᭷ࡍࡿࡇ࡜ࡣࠊ〇ရ࡜ࡋ࡚ᚲせ୙ྍḞ࡞せ⣲࡛࠶ࡿࠋ〇๣ࢆሬᕸࡋ
ࡓ㝿࡟ࠊ࡝ࡢࡼ࠺࡞ឤゐࢆࡶࡓࡽࡍ࠿ࡣࠊ〇๣ࡢᵝࠎ࡞≀⌮໬Ꮫⓗᛶ㉁࡟㉳ᅉࡋ
࡚࠸ࡿࡀࠊ≉࡟〇๣ࡢ⢓ᙎᛶ࡟ᙳ㡪ࢆཬࡰࡍ㐃⥆┦୰ࡢቑ⢓๣࡜ࠊ⏺㠃ࡢᛶ㉁࡟
ᙳ㡪ࢆཬࡰࡍ⏺㠃άᛶ๣ࡢ㑅ᢥࡣࠊឤゐࢆ⪃࠼ࡿୖ࡛㔜せ࡛࠶ࡿ 1 ࠋ   
 
1-2. ໬⢝ရ࡟⏝࠸ࡽࢀࡿ⢓ᅵ㖔≀  
໬⢝ရ࡟ࡣᵝࠎ࡞⢏Ꮚ㸦⢊ᮎ㸧ࡀ౑ࢃࢀ࡚࠸ࡿࠋ౛࠼ࡤ↓ᶵ⢏Ꮚࡢ㓟໬ࢳࢱࣥ
ࡸ㓟໬ள㖄ࡣࠊ⣸እ⥺ᩓ஘๣࡜ࡋ࡚ࠊࢧࣥࢫࢡ࣮ࣜࣥ➼࡟ከࡃ㓄ྜࡉࢀ࡚࠾ࡾࠊ
㓟໬㕲࡞࡝ࡢ㢦ᩱࡣࠊࢳ࣮ࢡࡸࣇ࢓ࣥࢹ࣮ࢩࣙࣥࠊཱྀ⣚࡞࡝ࡢ࣓࣮࢟ࣕࢵࣉ〇ရ
࡟㓄ྜࡉࢀ࡚࠸ࡿࠋᯫᶫᆺ࣏࣓ࣜࢱࢡࣜࣝ㓟ᶞ⬡ࡸࢩࣜࢥ࣮ࣥᶞ⬡ࠊ⌫≧ࢩࣜ࢝
࡞࡝ࡣࠊ⁥ࡾࡢⰋ࠸ឤゐࢆ୚࠼ࡿ⢏Ꮚ࡜ࡋ࡚ࠊᗈࡃࢫ࢟ࣥࢣ࢔ࡸ࣓࣮࢟ࣕࢵࣉ〇
ရ࡟㓄ྜࡉࢀ࡚࠸ࡿࠋ⢓ᅵ㖔≀ࡶ໬⢝ရ࡟㓄ྜࡉࢀࡿ↓ᶵ⢏Ꮚࡢ୍ࡘ࡛࠶ࡿࠋ⢓
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ᅵ㖔≀ࡣᆅ⌫ୖ࡟㇏ᐩ࡟Ꮡᅾࡍࡿࡇ࡜࠿ࡽࠊࠕኳ↛࣭Ᏻ඲ࠖ࡜࠸ࡗࡓ࢖࣓࣮ࢪࡀ
ᙉࡃࠊࡲࡓྜᡂࡶẚ㍑ⓗᐜ࡛᫆࠶ࡾࢥࢫࢺࡶᏳ࠸ࠊ࡞࡝ࠊ໬⢝ရ࡟౑⏝ࡍࡿୖ࡛
ከࡃࡢ฼Ⅼࢆࡶࡘࠋࡲࡓࠊ⢓ᅵ㖔≀ࡣ࢔ࢫ࣌ࢡࢺẚࡢ㧗࠸ᖹᯈ≧⢏Ꮚ࡛࠶ࡿࡓࡵࠊ
⓶⭵ୖ࡟ሬᕸࡍࡿ㝿࡟ࡣࢫ࣒࣮ࢫ࡞ឤゐ࡜ගἑࢆ୚࠼ࡿࠋ౛࠼ࡤ࢝࢜ࣜࣥࡣ☢ჾ
࡞࡝࡟⏝࠸ࡽࢀࡿ⢓ᅵ㖔≀࡛࠶ࡿࡀࠊⓑࡃࡁࡵ⣽࠿࡞እほ࠿ࡽࠊࣇ࢓ࣥࢹ࣮ࢩࣙ
ࣥࡸࣆ࣮ࣝ࢜ࣇࣃࢵࢡ࡟⏝࠸ࡽࢀࡿࠋࡲࡓ⢏Ꮚᚄࡢ኱ࡁ࠸ࢱࣝࢡࡸ࣐࢖࢝ࡣࠊࡘ
ࡸࡸ࠿࡞ගἑ࡜࡞ࡵࡽ࠿࡞ឤゐࢆࡶࡘࡓࡵࠊ௙ୖࡆ⏝ࡢ⢊࠾ࡋࢁ࠸ࡸ࢔࢖ࢩࣕࢻ
࣮࡞࡝࡟㓄ྜࡉࢀࡿࠋỈࢆቑ⢓ࡍࡿᶵ⬟ࢆ᭷ࡍࡿࢫ࣓ࢡࢱ࢖ࢺࡣࠊᕤᴗⓗ࡟ࡣᅵ
ᮌࡢศ㔝࡛ỗ⏝ࡉࢀ࡚࠸ࡿࡀࠊ໬⢝ရ࡟࠾࠸࡚ࡣỈ┦ࡢቑ⢓๣࡜ࡋ࡚ࡣ࠶ࡲࡾ⏝
࠸ࡽࢀ࡚࠸࡞࠸ࠋヲࡋࡃࡣ 2 ❶࡛㏙࡭ࡿࡀࠊࡇࢀࡣࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡀ⤒᫬
࡛ࠊ◳ࡃ࡞ࡿࠊỈࢆ㞳ࡍ࡞࡝ࡢኚ໬ࢆ㉳ࡇࡍࡓࡵ࡛࠶ࡿࠋ㏻ᖖ໬⢝ရ࡟⏝࠸ࡽࢀ
ࡿỈ⁐ᛶ㧗ศᏊቑ⢓๣ࡣࠊࡠࡵࡾࠊ஝ࡁ㝿ࡢ࡭ࡓࡘࡁ࡞࡝ࡀᙉ࠸ࡀࠊࢫ࣓ࢡࢱ࢖
ࢺศᩓᾮࡣࡇࢀ࡜␗࡞ࡾࠊሬᕸࢩ࢙࢔࡛ࡍࡄ࡟ᔂࢀࠊ஝࠸ࡓᚋࡶࡉࡽࡉࡽࡍࡿឤ
ゐࢆ᭷ࡍࡿࡓࡵࠊࢫ࣓ࢡࢱ࢖ࢺࢆቑ⢓๣࡜ࡋ࡚໬⢝ရ࡟ά⏝ࡍࡿࡇ࡜ࡣࠊ㠀ᖖ࡟
ព࿡ࡢ࠶ࡿࡇ࡜ࡔ࡜⪃࠼ࡽࢀࡿࠋ  
 
1-3. ⢓ᅵ㖔≀࡜ࡣ     
ᡃࠎࡢ㌟㏆࡟Ꮡᅾࡍࡿ⢓ᅵࡣࠊ㦫ࡃ࡭ࡁࡇ࡜࡟ኴ㝧⣔ࡢᝨᫍࡢ୰࡛ᆅ⌫࡟ࡋ࠿
Ꮡᅾࡋ࡞࠸ࠋᆅ⌫ࢆ௦⾲ࡍࡿ㖔≀࡛࠶ࡿ⢓ᅵࡣ༓ࡢ⏝㏵ࢆᣢࡘ⣲ᮦ࡜࠸ࢃࢀࠊ㌟
㏆࡞⣲ᮦ࡛࠶ࡿ࡜ྠ᫬࡟฼⏝ἲࡶከᒱ࡟ࢃࡓࡗ࡚࠸ࡿྂࠋ ࡃ࠿ࡽࢭ࣑ࣛࢵࢡཎᩱ
࡜ࡋ࡚౑ࢃࢀ࡚࠸ࡓࡀࠊ㏆ᖺ࡛ࡣ࣏࣐࣮ࣜ࡞࡝ࡢ᭷ᶵ≀࡜ࢼࣀ࡛ࣞ࣋ࣝ」ྜ໬ࡋ
ࡓࣁ࢖ࣈࣜࢵࢻᮦᩱࡀࠊ㦫ࡃࡼ࠺࡞ᛶ⬟ࢆⓎ᥹ࡋ࡚࢚ࣞࢡࢺࣟࢽࢡࢫ㸪ࣇ࢛ࢺࢽ
ࢡࢫ࡞࡝ࡢศ㔝࡛ά㌍ࡋ࡚࠸ࡿࠋ  
୍⯡ⓗ࡟ࠊࠕ⢓ᅵ㸦 clay㸧ࠖ ࡣࠊࢩࣜࢣ࣮ࢺ㸦ࢣ࢖㓟ሷ㸧ࢆྵࡴᒾ▼ࡸሁ✚≀࡛ࠊ
Ỉ࡜ΰྜࡋࡓ㝿࡟ྍረᛶࢆ♧ࡍࠊ஝⇱ࡸ↝⤖࡟ࡼࡾ◳ࡃ࡞ࡿࠊᚤ⣽࡞⢏Ꮚ࡛࠶ࡿࠊ
࡜࠸࠺ᛶ㉁ࢆࡶࡘᅵࢆ♧ࡍࠋ୍᪉ࠊࠕ⢓ᅵ㖔≀㸦 clay mineral㸧ࠖ ࡣ⢓ᅵࡢ୺࡞ᵓᡂ
≀㉁࡜࡞ࡿࢣ࢖㓟ሷࢆ♧ࡍࠋ⢓ᅵ㖔≀࡟ࡣኳ↛ရࡶྜᡂရࡶᏑᅾࡋࠊ኱ࡁࡃ⤖ᬗ
ᛶ㖔≀࡜㠀⤖ᬗᛶ㖔≀࡜࡟኱ࡁࡃศࡅࡽࢀࡿࠋ⤖ᬗᛶ㖔≀ࡣࡍ࡭࡚ࣇ࢕ࣟࢩࣜࢣ
࣮ࢺ㸦ᒙ≧ࢩࣜࢣ࣮ࢺ㸧࡛࠶ࡿࠋ⢓ᅵ㖔≀ࡢ⤖ᬗᵓ㐀࡜ศ㢮ࢆ Table 1 ࠾ࡼࡧ  Fig 
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2 ࡟♧ࡍ 2-4ࠋ  
⢓ᅵ㖔≀ࢆᵓᡂࡍࡿඖ⣲ࡣࠊᆅẆࡢ୺せᵓᡂඖ⣲࡜ྠࡌ࡛࠶ࡾࠊO, Si, Al, Fe, 
Mg, Ca, Na, K, H, ࡢ 9 ࡘࡀࡑࡢ࡯࡜ࢇ࡝࡛࠶ࡿࡀࠊྜᡂ࣐࢖࢝ࡢ୰࡟ࡣ F ࢆྵ
ࡴࡶࡢࡶ࠶ࡿࠋࣇ࢕ࣟࢩࣜࢣ࣮ࢺࡣ 2 ḟඖⓗ࡟㐃࡞ࡗࡓᅄ㠃యࢩ࣮ࢺ࡜ඵ㠃యࢩ
࣮ࢺࢆྵࢇ࡛࠸ࡿࠋᅄ㠃యࡣࠊ  4 ࡘࡢ O ࡜㓄఩ࡋࡓ Si4+, Al3+, Fe3+࠿ࡽ࡞ࡾࠊ3
ࡘࡢ㡬Ⅼࢆ㞄ࡢᅄ㠃య࡜ඹ᭷ࡍࡿࡇ࡜࡛ࠊ2 ḟඖⓗ࡟↓㝈࡟ࡘ࡞ࡀࡗࡓභ᪉⥙┠
ᵓ㐀ࢆ࿊ࡋ࡚࠸ࡿ (Fig.3, a-b)ࠋඵ㠃యࡣࠊ6 ࡘࡢ O ࡜㓄఩ࡋࡓ Al3+, Fe3+, Mg2+, 
Fe2+࠿ࡽ࡞ࡾࠊඵ㠃యࡢ㎶ࢆ࿘ᅖ࡜ඹ᭷ࡋ࡚࠸࡚  (Fig.3, c-d)ࠊභ᪉ᑐ㇟ࢩ࣮ࢺࢆ
ᙧᡂࡍࡿࠋ ඵ㠃యࡢ୰ᚰ㔠ᒓࡀ Mg2+࡞࡝ࡢ 2 ౯࢖࡛࢜ࣥ࠶ࡿሙྜ࡟ࡣࠊࡍ࡭࡚
ࡢ㝧࢖࢜ࣥᖍ࡟㝧࢖࢜ࣥࡀධࡿࡀࠊAl3+࡞࡝ࡢ 3 ౯ࡢ㝧࢖࢜ࣥࡢሙྜ࡟ࡣࠊ㝧࢖
࢜ࣥᖍࡢ 1/3 ࡣ✵ᖍ࡟࡞ࡿ (Fig. 4)ࠋ๓⪅ࢆ 2 ඵ㠃యᆺࠊᚋ⪅ࢆ 3 ඵ㠃యᆺ࡜ࡼ
ࡪࠋ2 ඵ㠃యᆺ࡜ 3 ඵ㠃యᆺࡢ໬Ꮫ⤌ᡂࡢ㐪࠸ࡀࠊᵝࠎ࡞⤖ᬗ໬Ꮫⓗ࡞ᛶ㉁ࡢ㐪
࠸ࢆࡶࡓࡽࡍࡓࡵࠊ⢓ᅵ㖔≀ࡢศ㢮ࡢ୍ࡘࡢᇶ‽࡜࡞ࡗ࡚࠸ࡿࠋ  
 ࣇ࢕ࣟࢣ࢖㓟࡛ࡣࠊᅄ㠃యࢩ࣮ࢺ࡜ඵ㠃యࢩ࣮ࢺࡢ㡬Ⅼࡢ㓟⣲ࢆඹ᭷ࡍࡿࡇ࡜
࡟ࡼࡗ࡚ࠊࡑࢀࡒࢀࡢࢩ࣮ࢺࡀ⤖ྜࡋ࡚࠸ࡿࠋᇶᮏⓗ࡞⤖ᬗᵓ㐀ࢆኚ࠼ࡎ࡟ࠊ୰
ᚰࡢ㝧࢖࢜ࣥࡀ௚ࡢ㝧࢖࢜ࣥ࡟⨨ࡁ᥮ࢃࡿ⌧㇟ࢆྠᙧ⨨᥮࡜࠸࠺ࡀࠊ౛࠼ࡤᅄ㠃
యࢩ࣮ࢺࡢ Si4+ࢆ  Al3+ࡸ Fe3+ࡀ⨨᥮ࡍࡿ࡜ࠊṇ㟁Ⲵࡀ୙㊊ࡋᒙ඲యࡢ㟁Ⲵࡣ㈇
࡜࡞ࡿࠋࡓࡲࡓඵ㠃యࢩ࣮ࢺࡢ Al3+ࡸ Fe3+ࢆ Mg2+ࡸ  Fe2+࡟⨨᥮ࡋ࡚ࡶྠᵝ࡟ᒙ
඲యࡢ㟁Ⲵࡣ㈇࡜࡞ࡿࠋࡇࡢࡼ࠺࡟ࠊᒙ඲యࡀᖏࡧࡓ㟁Ⲵࢆᒙ㟁Ⲵ㸦Layer Charge㸧
࡜ࡼࡪࠋᅄ㠃యࡢ 4 ࡘࡢ Si4+ࡢ࠺ࡕࡢ 1 ࡘࡀ Al3+࡟⨨᥮ࡉࢀࡿ࡜ࠊᒙ㟁Ⲵࡣ 1 ࡜
࡞ࡿࠋᒙ㟁Ⲵࡣ⢓ᅵ㖔≀ࡢᵓ㐀࡜ᛶ㉁ࢆỴࡵࡿᇶᮏⓗ࡞ᅉᏊ࡛࠶ࡿࡓࡵࠊᒙ㟁Ⲵ
࡟ࡼࡗ࡚ࡶ⢓ᅵ㖔≀ࡣศ㢮ࡉࢀࡿࠋ    
 
1-4. ቑ⢓๣࡜ࡋ࡚ࡢ⢓ᅵ㖔≀  
⢓ᅵ㖔≀ࡢỈࡢቑ⢓๣࡜ࡋ࡚ࡢᶵ⬟ࡣࠊᕤᴗⓗ࡟ࡣ᥀๐ὶయࡸሬᩱࡢቑ⢓๣ࠊ
❔ᴗ〇ရࡢῧຍ๣࡞࡝࡟ά⏝ࡉࢀ࡚࠸ࡿࠋቑ⢓๣࡜ࡋ࡚ࠊ୺࡟⏝࠸ࡽࢀࡿ⢓ᅵ㖔
≀ࡣࢫ࣓ࢡࢱ࢖ࢺ࡛࠶ࡿࠋࢫ࣓ࢡࢱ࢖ࢺࡣᒙ㟁Ⲵࡀ 0.2㹼0.6 ࡛࠶ࡾࠊ㈇㟁Ⲵࢆ⿵
࠺ࡓࡵࠊᒙ㛫࡟ Na+ࡸ Ca2+࡞࡝ࡢ㝧࢖࢜ࣥࡀධࡗ࡚࠸ࡿࠋࡇࡢ㝧࢖࢜ࣥࡣ⡆༢࡟
௚ࡢ㝧࢖࢜ࣥ࡜⨨᥮ࡉࢀࡿࡓࡵࠊ஺᥮ᛶ㝧࢖࢜ࣥ࡜࿧ࡤࢀࡿࠋᒙ࡟ྵࡲࢀࡿ㝧࢖
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࢜ࣥࡢ✀㢮ࡸࠊ㈇㟁ⲴࡢᏑᅾሙᡤ㸦ᅄ㠃యࢩ࣮ࢺࡢྠᙧ⨨᥮࡟ࡼࡿࡢ࠿ࠊඵ㠃య
ࢩ࣮ࢺࡢྠᙧ⨨᥮࡟ࡼࡿࡢ࠿㸧࡛ ࠊࢫ࣓ࢡࢱ࢖ࢺࡣࡉࡽ࡟⣽࠿ࡃࠊ࣊ࢡࢺࣛ࢖ࢺࠊ
ࣔࣥࣔࣜࣟࢼ࢖ࢺࠊࢧ࣏ࢼ࢖ࢺࠊࣂ࢖ࢹࣛ࢖ࢻ➼࡟ศ㢮ࡉࢀ࡚࠸ࡿ㸦Table 2㸧ࠋ
Fig.2 ࡟♧ࡍࡼ࠺࡟ࠊࢫ࣓ࢡࢱ࢖ࢺࡢ஺᥮ᛶ㝧࢖࢜ࣥࡣ⢓ᅵ㖔≀ࡢᒙ㛫࡛ỈศᏊ
ࢆ㓄఩ࡋ࡚࠾ࡾࠊỈ୰࡛ࡣ㝧࢖࢜ࣥࡢᾐ㏱ᅽ࡟ࡼࡾᒙ㛫࡟ከ㔞ࡢỈࢆྲྀࡾ㎸ࡳࠊ
ᒙࡣ๤㞳ࡍࡿࠋ  
ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ┦≧ែ࡟ࡘ࠸࡚ࡣ⌮ㄽⓗ࡟ࡶ⯆࿡῝ࡃࠊ⣙୍ୡ⣖࡟Ώࡾ
ᩘከࡃࡢ◊✲ࡀ࡞ࡉࢀ࡚࠸ࡿ㸦2 ❶ཧ↷㸧ࠋቑ⢓࣓࢝ࢽࢬ࣒࡟㛵ࡍࡿ᭱ึࡢሗ࿌
ࡣࠊFreundlich ࡟ࡼࡿࣔࣥࣔࣜࣟࢼ࢖ࢺࢆ୺ᡂศ࡜ࡍࡿ㏻⛠࣋ࣥࢺࢼ࢖ࢺࢆỈ࡟
ศᩓࡋࡓ㝿࡟ᚓࡽࢀࡿࠊࢳ࢟ࢯࢺࣟࣆ࣮ᛶࢆ♧ࡍࢤࣝ࡟ࡘ࠸࡚ࡢ◊✲࡛࠶ࡗࡓ 5ࠋ
ࢤࣝࡢᵓ㐀࡜ࢤࣝ໬࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࡣࠊ1930 ᖺ௦࠿ࡽ㆟ㄽࡉࢀ࡚࠾ࡾࠊ኱
ࡁࡃ஧ࡘࡢㄝࡀᥦၐࡉࢀ࡚࠸ࡿࠋ࣮࢝ࢻࣁ࢘ࢫᵓ㐀㸦house of cards㸧࡜ࡼࡤࢀࡿ
୕ḟඖⓗ࡞ࢿࢵࢺ࣮࣡ࢡᙧᡂࡣࠊᯈ≧ࡢ⢓ᅵ㖔≀⢏Ꮚ࡝࠺ࡋࡢ㟼㟁ⓗ࡞ᘬຊ࡟ࡼ
ࡿ࡜ࡉࢀࡿㄝ 6࡜ࠊ㓄ྥࡋࡓࢿࢵࢺ࣮࣡ࢡᵓ㐀ࡣ㟁Ẽ஧㔜ᒙࡢ᩺ຊ࡟ࡼࡾᏳᐃ໬
ࡉࢀࡿ࡜ࡉࢀࡿㄝ 7 ࡛࠶ࡿ  ࠋࡇࢀ࡟㛵ࡍࡿ㏆ᖺࡢሗ࿌ࡣࠊ୺࡟ྜᡂ࣊ࢡࢺࣛ࢖
ࢺ࡛࠶ࡿ࣏ࣛࢼ࢖ࢺ 8㸦BYK Additives & Instruments ♫〇ࠊ⢏ᗘศᕸࡣẚ㍑ⓗ
ᗈࡃࠊᖹᆒ 28nm ࡢ┤ᚄࢆࡶࡘᴃ෇≧⢏Ꮚ㸧ࡀ⏝࠸ࡽࢀ࡚࠸ࡿࠋ   
ࡇࡢࡼ࠺࡟ᩘከࡃࡢሗ࿌ࡀ࠶ࡿ࡟ࡶ㛵ࢃࡽࡎࠊࢫ࣓ࢡࢱ࢖ࢺࡢቑ⢓࣓࢝ࢽࢬ࣒
࡜┦≧ែ࡟ࡘ࠸࡚ࡣ⤖ㄽࡀฟ࡚࠾ࡽࡎࠊ࣏ࣛࢼ࢖ࢺ࡟㛵ࡍࡿ඲࡚ࡢᐇ㦂ࢹ࣮ࢱࢆ
ㄝ࡛᫂ࡁࡿࣔࢹࣝࡣࡲࡔᏑᅾࡋ࡞࠸ࠋࡲࡓࠊࢫ࣓ࢡࢱ࢖ࢺࢤࣝࡣ⤒᫬࡛ᵓ㐀ࡸ⢓
ᗘࡀኚ໬ࡍࡿࠕ࢚࣮ࢪࣥࢢࠖ࡜࿧ࡤࢀࡿ⌧㇟ࡀぢࡽࢀࡿࠋ࢚࣮ࢪࣥࢢࡣࡺࡗࡃࡾ
࡜㐍⾜ࡋࠊᖺ༢఩࡛ኚ໬ࡍࡿሙྜࡶ࠶ࡿࡀࠊࡇࡢ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࡶᐇࡣࡣࡗ
ࡁࡾ࡜ࡣศ࠿ࡗ࡚࠸࡞࠸ࠋ  
ࢫ࣓ࢡࢱ࢖ࢺࡢ஺᥮ᛶ㝧࢖࢜ࣥࢆ 4 ⣭࢔ࣥࣔࢽ࣒࢘ᆺ࢝ࢳ࢜ࣥᛶ⏺㠃άᛶ๣࡜
஺᥮ࡋࡓ≀㉁ࢆ᭷ᶵኚᛶ⢓ᅵ㖔≀࡜࠸࠺ࠋ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡣࠊ␯Ỉᇶࢆእഃ࡟
ྥࡅ࡚྾╔ࡋࡓ⏺㠃άᛶ๣ࡢ࠾࠿ࡆ࡛␯Ỉⓗ࡛࠶ࡾࠊ᭷ᶵ⁐፹୰࡛ᒙ㛫࡟⁐፹ࢆ
ྲྀࡾ㎸ࡴࡇ࡜࡛๤㞳ࠊศᩓࡋࠊ࠶ࡿ✀ࡢ᭷ᶵ⁐๣ࢆቑ⢓ࡍࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿࠋ
ࢫ࣓ࢡࢱ࢖ࢺࡢỈࡢቑ⢓࡟㛵ࡍࡿ◊✲࡜ẚ㍑ࡋ࡚ࠊ᭷ᶵኚᛶࢫ࣓ࢡࢱ࢖ࢺࡢ࢜࢖
ࣝቑ⢓ᶵ⬟ࡸᵓ㐀࡟㛵ࡍࡿሗ࿌ࡣᅽಽⓗ࡟ᑡ࡞࠸ 9,10 ࠋቑ⢓ࡢ࣓࢝ࢽࢬ࣒࡟㛵ࡋ
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࡚ࡶ୙᫂࡞Ⅼࡀከ࠸ࡀࠊ᭷ᶵ⁐፹୰࡛๤㞳ศᩓࡋࡓ᭷ᶵࢫ࣓ࢡࢱ࢖ࢺࡢ⤖ᬗ➃㠃
࡟ᏑᅾࡍࡿỈ㓟ᇶྠኈࡀࠊỈࡸ࣓ࢱࣀ࣮ࣝࢆ௓ᅾࡋ࡚Ỉ⣲⤖ྜࡋ㸪⤖ᬗ➃㠃㸫⤖
ᬗ➃㠃ྠኈ࡟ࡼࡿ఍ྜᵓ㐀ࢆᙧᡂࡍࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿ 11-12 ࠋࡇࢀ࡟ࡘ࠸࡚ࡣ
1-5 ࡛ヲࡋࡃ㏙࡭ࡿࠋ  
 
1-5. ᭷ᶵኚᛶ⢓ᅵ㖔≀  
1-5-1. ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᵓ㐀  
᭷ᶵኚᛶ⢓ᅵ㖔≀ࡣࠊࡑࡢ࢜࢖ࣝቑ⢓ᶵ⬟ࢆ฼⏝ࡋࠊሬᩱ㸪࢖ࣥ࢟࡟࠾ࡅࡿᆶ
ࢀⴠࡕ㜵Ṇ๣㸪㢦ᩱỿ㝆㜵Ṇ๣࡜ࡋ࡚㸪ࡲࡓ༳ๅ࢖ࣥ࢟࡟࠾ࡅࡿቑ⢓๣ 13㸪࣑ࢫ
ࢳࣥࢢ㜵Ṇ๣࡜ࡋ࡚㸪ࢢ࣮ࣜࢫࡸ໬⢝ရ㸪᥋╔๣࡞࡝ࡢࣞ࢜ࣟࢪ࣮ㄪᩚ๣࡜ࡋ࡚
ᗈࡃ฼⏝ࡉࢀ࡚࠸ࡿࠋࢤࣝ໬⬟ࡢࡳ࡞ࡽࡎࠊᒙ㛫࡬ࡢἜ⁐ᛶ≀㉁ࡢໟᦤຊࢆ฼⏝
ࡋࠊ᭷ᶵởᰁ≀㉁࡞࡝ࡢ྾╔๣ 14-17࡜ࡋ࡚㸪ࡲࡓᒙ㛫࡟ගࡸ㟁Ꮚⓗ≀㉁ࢆᅛᐃ໬
ࡍࡿࡇ࡜࡛ᵝࠊ ࠎ࡞ᶵ⬟ࢆⓎ᥹ࡍࡿᮦᩱ࡜ࡋ࡚ࡶὀ┠ࢆᾎࡧ࡚࠸ࡿ 18,19ࠋ20 ୡ⣖
ࡢ⤊ࢃࡾࡈࢁ࠿ࡽࡣࠊ࣏࣐࣮ࣜࢆᒙ㛫࡟ྲྀࡾ㎸ࡳ」ྜ໬ࡉࡏ࡚ࠊࣉࣛࢫࢳࢵࢡࡢ
ᶵᲔⓗᙉᗘࢆྛẁ࡟ྥୖࡉࡏࡓࢼࣀࢥ࣏ࣥࢪࢵࢺ࡜ࡼࡤࢀࡿᮦᩱࡀࡉ࠿ࢇ࡟◊
✲ࡉࢀࡿࡼ࠺࡟࡞ࡗࡓ 20-24ࠋ   
ࢫ࣓ࢡࢱ࢖ࢺࡢᒙ㛫࡟㝧࢖࢜ࣥࡸศᏊࡀྲྀࡾ㎸ࡲࢀࡿࡇ࡜ࢆࠊ࢖ࣥࢱ࣮࣮࢝ࣞ
ࢩࣙࣥ࡜࠸࠺ࠋ࢔ࣝ࢟ࣝ࢔ࣥࣔࢽ࣒࢘࢝ࢳ࢜ࣥ㸦AAC㸧ࡢࢫ࣓ࢡࢱ࢖ࢺᒙ㛫࡬ࡢ
࢖ࣥࢱ࣮࣮࢝ࣞࢩࣙࣥᣲື࡟ࡘ࠸࡚ࡣྂࡃ࠿ࡽ◊✲ࡉࢀ࡚࠸ࡿ 25,26ࠋ୍⯡ⓗ࡟ࠊ
ࢫ࣓ࢡࢱ࢖ࢺࡢ᭷ᶵኚᛶ࡟⏝࠸ࡽࢀࡿ AAC ࢆ Fig.5 ࡟♧ࡍࠋ୍ᐃࡢ⢓ᅵ㖔≀㔞
࡟ᑐࡋ࡚஺᥮ࡉࢀࡿ㝧࢖࢜ࣥࡢ㔞ࢆࠊ㝧࢖࢜ࣥ஺᥮ᐜ㔞㸦 Cation Exchange 
Capacity; CEC㸧࡜࠸࠺ࡀ㸦⢓ᅵ㖔≀ 100g ࠶ࡓࡾࡢ࣑ࣜ➼㔞㸹meq/100g ࡛♧ࡉࢀ
ࡿ㸧ࠊAAC ࡣ CEC ࡜ྠ㔞ࡲ࡛㟼㟁ⓗ┦஫స⏝࡟ࡼࡾ⢓ᅵ㖔≀࡟྾╔ࡋࠊࡉࡽ࡟
␯Ỉᇶ࡝࠺ࡋࡢࣇ࢓ࣥࢹ࣮ࣝ࣡ࣝࢫຊ࡟ࡼࡾ CEC ࢆ㉸࠼࡚྾╔ࡍࡿࠋ⢓ᅵ㖔≀
ࡢᒙ㛫ࡣࠊ࢖ࣥࢱ࣮࣮࢝ࣞࢺࡋࡓศᏊࡢ㛗ࡉ࡟౫Ꮡࡋ࡚ࠊ྾╔࡜࡜ࡶ࡟㊥㞳ࡀᗈ
ࡀࡗ࡚࠸ࡁ 27ࠊศᏊࡣᒙ㛫࡛ᩚิࠊᵓ㐀ࡀኚ໬ࡋ࡚࠸ࡃ 28-30ࠋ౛࠼ࡤࢭࢳࣝࣆࣜ
ࢪ࢘ࢽ࣒࢘ࠊࢭࢳࣝࢺ࣓ࣜࢳࣝ࢔ࣥࣔࢽ࣒࢘࢖࢜ࣥࢆ⏝࠸ࡓ◊✲࡛ࡣࠊAAC ࢖
࢜ࣥࡢ⃰ᗘࡀୖ᪼ࡍࡿ࡟ࡘࢀࠊmonomolecularࠊbimolecularࠊpseudotrimolecular ᒙ
࡜ࠊࢫ࣓ࢡࢱ࢖ࢺᒙ㛫࡟࠾ࡅࡿ㓄ิᵓ㐀ࡀኚࢃࡿࡇ࡜ࡀศ࠿ࡗ࡚࠸ࡿ 31,32ࠋࣔࣥ
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ࣔࣜࣟࢼ࢖ࢺ࡟྾╔ࡋࡓ AAC ࡢ࢖࣓࣮ࢪᅗࢆ Fig. 6 ࡟♧ࡍࠋ   
ᚤᑠ✵㛫࡛࠶ࡿ⢓ᅵ㖔≀ᒙ㛫࡜ࠊࣂࣝࢡࡢ⎔ቃ࡜ࡣ኱ࡁࡃ␗࡞ࡿࡀ  ࠊ≉࡟ᒙ㛫
ࡢ⎔ቃࡣ AAC ࡢ඘ሸᐦᗘ࡟኱ࡁࡃᕥྑࡉࢀࡿࠋ౛࠼ࡤࠊ࣊࢟ࢧࢹࢩࣝࢺ࣓ࣜࢳ
ࣝ࢔ࣥࣔࢽ࣒࢘࢖࢜ࣥ㸦HDTMA+㸧ࡣࠊ඘ሸᐦᗘࡀప࠸ሙྜ࡟ࡣࠊศᏊྠኈࡀ㞳
ࢀ࡚྾╔ࡋ࡚࠾ࡾࠊ࢔ࣝ࢟ࣝᇶࡢ┦㌿⛣ ᗘࡣࣂࣝࢡ୰࡛ࡢࡑࢀ࡜኱ࡁࡃኚࢃࡽ
࡞࠸ࡀࠊparaffin-type㸦Fig.6-d㸧࡜࿧ࡤࢀࡿᐦ࡞඘ሸ≧ែ 34 ࡛ࡣࠊ࢔ࣝ࢟ࣝᇶ࡝
࠺ࡋࡢ┦஫స⏝ࡀᙉࡃࠊ┦㌿⛣ ᗘࡣୖ᪼ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ 35ࠋࡲࡓ࢖ࣥ
ࢱ࣮࣮࢝ࣞࢺࡋࡓ AAC ࡣࠊ㓟 36,37ࡸ୰㙐࢔ࣝࢥ࣮ࣝࡢῧຍ 38࡟ࡼࡾࠊᒙ㛫࠿ࡽ
⬺㞳ࡍࡿ࡜࠸࠺ሗ࿌ࡶ࠶ࡿࠋ   
1-5-2. ᭷ᶵኚᛶ⢓ᅵ㖔≀࡟ࡼࡿ࢜࢖ࣝࡢቑ⢓  
๓㏙ࡋࡓࡼ࠺࡟ࠊ࢜࢖ࣝࡢቑ⢓࣓࢝ࢽࢬ࣒࡟㛵ࡍࡿ◊✲ࡣ㠀ᖖ࡟ᑡ࡞࠸ࡀࠊ  
Kieke࡜ Codyࡽ࡟ࡼࡿ᳨ウࡀ᭱ึࡢሗ࿌࡛ࠊࡑࡢᚋࡢ◊✲ࡢᣦ㔪࡜࡞ࡗ࡚࠸ࡿࠋ
ᙼࡽࡣࠊ࢜࢖ࣝࢆቑ⢓ࡉࡏࡿ࡟ࡣࠊ࢜࢖ࣝ୰࡛ձ᭷ᶵኚᛶ⢓ᅵ㖔≀ࢆ᏶඲࡟๤㞳
ࡉࡏࡿࡇ࡜ࠊղ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢࢿࢵࢺ࣮࣡ࢡࢆᙧᡂࡉࡏࡿࡇ࡜ࡀᚲせ࡛࠶ࡿ
࡜ࡋࡓࠋձ࡟㛵ࡋ࡚ࡣࠊ౛࠼ࡤ࢔ࢭࢺࣥࡢࡼ࠺࡞ᴟᛶ≀㉁ࢆῧຍࡍࡿࡇ࡜࡛ࠊ᭷
ᶵኚᛶ⢓ᅵ㖔≀࡝࠺ࡋࡢᒙ㛫ࡀᗈࡀࡾࠊ๤㞳ࢆᐜ᫆࡟ࡍࡿ࡜ሗ࿌ࡋ࡚࠸ࡿࠋࡲࡓ
ղ࡟㛵ࡋ࡚ࡣࠊỈ⣲⤖ྜᙧᡂ⬟ࡢ࠶ࡿศᏊ㸦౛࠼ࡤỈ㸧ࡀ⢓ᅵ㖔≀⢏Ꮚࡢ➃㠃ࢆ
Ỉ⣲⤖ྜ࡟ࡼࡾᯫᶫࡋࠊࣂࣝࢡ୰࡛ࢿࢵࢺ࣮࣡ࢡࢆᙧᡂࡋ࡚࠸ࡿ࡜ࡋࡓ  
(Fig.7)11,12ࠋ ᒣཱྀࡽࡣࠊ࠶ࡿ✀ࡢ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆῧຍࡍࡿ࡜ࠊὶືࣃࣛ
ࣇ࢕ࣥ୰࡛᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᒙ㛫ࡀᗈࡀࡾࠊ࢜࢖ࣝࢤࣝࢆᙧᡂࡋࠊ≉࡟ HLB8
⛬ᗘࡢ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࡢῧຍ࡟ࡼࡾࠊ㧗⢓ᗘࡢ࢜࢖ࣝࢤࣝࡀᙧᡂࡉࢀࡓ࡜
ሗ࿌ࡋ࡚࠸ࡿ 39ࠋࡇࡢሗ࿌ࡣࠊ๓㏙ࡢ Cody ࡽ࡟ࡼࡿᴟᛶ≀㉁ࡢῧຍ࡟ࡼࡿ๤㞳
ࡢಁ㐍࡜㢮ఝࡋࡓ⤖ᯝ࡜࠸࠼ࡿࠋ   
ⓙ℩ࡽࡣࠊࢺ࣓ࣜࢳࣝࢻࢥࢩࣝ࢔ࣥࣔࢽ࣒࢘ሷࢆ⏝࠸ࠊ᭷ᶵኚᛶ⋡㸦CEC ࡟ᑐ
ࡍࡿῧຍ AAC 㔞㸧ࢆኚ࠼࡚ㄪ〇ࡋࡓ᭷ᶵኚᛶࣔࣥࣔࣜࣟࢼ࢖ࢺࡢࠊࢺ࢚ࣝࣥ࡟
ᑐࡍࡿቑ⢓ᶵ⬟࡟ࡘ࠸࡚ㄪ࡭࡚࠸ࡿࠋ᭷ᶵኚᛶ⋡ 0.25㹼3 ࡛ㄪ〇ࡋࡓ⢓ᅵ㖔≀ࡢ
࠺ࡕࠊࡶࡗ࡜ࡶ㧗࠸ቑ⢓ᶵ⬟ࢆ♧ࡋࡓࡢࡣ᭷ᶵኚᛶ 1 ࠾ࡼࡧ 1.25 ಸࡢ⢓ᅵ㖔≀
࡛࠶ࡗࡓࠋIR ࡟ࡼࡿゎᯒ࠿ࡽࠊࡇࢀࡽࡢ⢓ᅵ㖔≀⾲㠃࡟྾╔ࡋࡓ AAC ࡣࠊ⛛ᗎ
ᛶࡀ஘ࢀ࡚࠾ࡾ⁐፹࡜ΰྜࡋࡸࡍ࠿ࡗࡓࡓࡵ࡛ࡣ࡞࠸࠿࡜⪃ᐹࡋ࡚࠸ࡿࠋ᭷ᶵኚ
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ᛶ⋡ࡀప࠸࡜⁐፹୰࡛ࡢศᩓᛶࡀ༑ศ࡛࡞ࡃࠊ㧗࠸࡜ AAC ࡢ࢔ࣝ࢟ࣝᇶ࡝࠺ࡋ
ࡢ┦஫స⏝ࡀᙉࡃࠊ⁐፹࿴ࡋ࡞࠸ࡓࡵ࡜ࡋ࡚࠸ࡿ 40ࠋ  
 
1-6.  ங໬๣࡜ࡋ࡚ࡢ⢓ᅵ㖔≀  
1-6-1. ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥ  
ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥ㸦Pickering Emulsion㸧࡜ࡣࠊᅛయ⢏ᏊࡀἜỈ࡞࡝
ࡢᾮ㸫ᾮࠊ࠶ࡿ࠸ࡣẼ㸫ᾮ⏺㠃࡟྾╔ࡋࠊᏳᐃ໬ࡉࢀࡓ࢚࣐ࣝࢩ࡛ࣙࣥ࠶ࡿࠋ㔠
ᒓ㓟໬≀ࡸ⢓ᅵ㖔≀࡞࡝ࡢᚤ⣽⢏Ꮚࢆ⏝࠸࡚࢚࣐ࣝࢩࣙࣥࢆᏳᐃ໬ࡍࡿࡇࡢᢏ
⾡ࡣࠊ20 ୡ⣖ึ㢌࡟ึࡵ࡚ሗ࿌ࡉࢀ࡚࠸ࡿ 40,41ࠋ㏆ᖺࠊ⏺㠃άᛶ๣ࡀேయࡸ⮬↛
⎔ቃ࡟ᝏᙳ㡪ࢆཬࡰࡍ࡜࠸࠺࢖࣓࣮ࢪ࠿ࡽࠊ⏺㠃άᛶ๣ࢆྵࡲ࡞࠸໬⢝ရࢆ㑅ࡪ
ᾘ㈝⪅ࡶከࡃࠊపศᏊࡢ⏺㠃άᛶ๣ࢆྵࡲ࡞࠸ங໬ᢏ⾡ࢆ㛤Ⓨࡍࡿࡇ࡜ࡣࠊ໬⢝
ရᴗ⏺࡟࠾࠸࡚ࡶᚲ㡲࡛࠶ࡿࠋ⏺㠃άᛶ๣ࣇ࣮ࣜ〇๣࡜ࡋ࡚ࡣࠊ␯Ỉᇶࢆഃ㙐࡟
᭷ࡍࡿ࢝ࣝ࣎࢟ࢩࣅࢽ࣏࣐࣮ࣝࣜ࡞࡝ࡢ୧ぶ፹ᛶ㧗ศᏊࢆ⏝࠸࡚ங໬ࡍࡿ౛ 43
ࡀ࡯࡜ࢇ࡝࡛࠶ࡿࡀࠊ㏆ᖺ࡛ࡣࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥᢏ⾡ࢆ⏝࠸࡚Ᏻᐃ࡞໬
⢝ရ〇๣ࢆㄪ〇ࡍࡿヨࡳࡀ࡞ࡉࢀ࡚࠸ࡿ 44ࠋ  
  ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥࡢᏳᐃ໬ᶵᵓ࡟ࡘ࠸࡚ࡣࠊᐇ㦂ⓗ࡟௨ୗࡢࡇ࡜ࡀࢃ
࠿ࡗ࡚࠸ࡿ 45ࠋձ ⢊ᮎࡢぶ␯Ỉᛶࣂࣛࣥࢫࡀங໬ࡢᏳᐃᛶ࡟኱ࡁࡃᙳ㡪ࢆཬࡰ
ࡍࡇ࡜ࠊղFig.8 ࡟♧ࡍࡼ࠺࡟ 46ࠊ⏺㠃άᛶ๣⣔࡜ྠᵝࠊ୍⯡ⓗ࡟ࡼࡃ⃿ࢀࡿ⁐
፹┦ࡀ㏻ᖖእ┦࡜࡞ࡿࡀࠊ࡝ࡕࡽࡀእ┦࡟࡞ࡿ࠿ࡣ┦ẚ࡟ࡼࡗ࡚ࡶኚࢃࡾ࠼ࡿࡇ
࡜ࠊճ ங໬⢏Ꮚᚄࡣ⢊ᮎᚄࡼࡾࡶᑠࡉࡃ࡞ࡽ࡞࠸ࡇ࡜ࠊմங໬ࡢᏳᐃ໬࡟ࡣ⢊
ᮎྠኈࡢ┦஫స⏝ࡀ㔜せ࡛ࠊ⢊ᮎࡀࡸࡸจ㞟ࡋࡓ≧ែࡢ࡯࠺ࡀᏳᐃ࡛࠶ࡿࡇ࡜ 47ࠊ
࡛࠶ࡿࠋձࡢࠊ⏺㠃άᛶ๣ࡢ HLB ࡟࠶ࡓࡿᅛయ⢏Ꮚࡢぶ␯Ỉᛶࡣࠊ⢏Ꮚࡢ⏺㠃
࡛ࡢ᥋ゐゅ࡟ࡼࡾぢ✚ࡶࡿࡇ࡜ࡀ࡛ࡁࠊ⏺㠃࡬ࡢ྾╔࢚ࢿࣝࢠ࣮㸦㸻ᅛయ⢏Ꮚࢆ
⏺㠃࠿ࡽࡦࡁࡣࡀࡍࡓࡵࡢ࢚ࢿࣝࢠ࣮㸧E ࡣ௨ୗࡢᘧ࡟ࡼࡾ⟬ฟࡉࢀࡿ 48ࠋ  
 
                                                  
 
ࡇࡇ࡛ࠊR ࡣ⢏Ꮚࡢ༙ᚄࠊȚOW ࡣἜỈ⏺㠃ᙇຊࠊȟࡣ⢏Ꮚࡀࡼࡾぶ࿴ᛶࡢ࠶ࡿ
⁐፹࡟ᑐࡍࡿ᥋ゐゅࢆ♧ࡍ㸦Fig.9㸧ࠋ⢏ᏊࡢぶỈᛶࠊࡲࡓࡣぶἜᛶࡀ㧗ࡃࠊȟࡀ
πa2 cosθγ
OW
 (1䠉cos)2θ
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0r࡟㏆࠸ሙྜࡣࠊ1㸫cosȟ㡯ࡀ࡯ࡰ 0 ࡜࡞ࡾࠊ⢏Ꮚࡣ⏺㠃࠿ࡽࡣࡀࢀ࡚⁐፹ᒙ
࡬ศᩓࡍࡿ 49ࠋ⢏Ꮚᚄࡀ኱ࡁ࠸࡯࡝ࠊἜỈ⏺㠃ᙇຊࡀ኱ࡁ࠸࡯࡝ࠊ྾╔࢚ࢿࣝࢠ
࣮ࡣ㧗࠸ࡇ࡜ࡀࢃ࠿ࡿࠋᘧ 1 ࡟ࡋࡓࡀࡗ࡚ࠊ༙ᚄ R=1x10-8m ࡢ⢏Ꮚࡀ⏺㠃ᙇຊ
Țow  =3610-3Nm-1 ࡢἜỈ⏺㠃࡟ࠊ᥋ゐゅȟ࡛྾╔ࡋࡓ㝿ࡢ྾╔࢚ࢿࣝࢠ࣮
ࢆィ⟬ࡋࡓ⤖ᯝࢆ Fig.10 ࡟♧ࡍ 48ࠋࡇࡢ⤖ᯝ࠿ࡽࡶࢃ࠿ࡿࡼ࠺࡟ࠊ㐺ᗘ࡞ȟࢆ᭷
ࡍࡿ⢏ᏊࡢἜỈ⏺㠃࡬ࡢ྾╔࢚ࢿࣝࢠ࣮ࡣ kT ࡜ẚ㍑ࡋ࡚㠀ᖖ࡟኱ࡁࡃࠊ࠸ࡗࡓ
ࢇ⏺㠃࡟྾╔ࡋࡓ⢊ᮎࡣ࡯࡜ࢇ࡝ࡣࡀࢀࡿࡇ࡜ࡀ࡞࠸ࠋ  
Levine ࡽࡣࠊぶ␯Ỉᛶࢆ᭷ࡍࡿ⢊ᮎ࡛Ᏻᐃ࡞ங໬≀ㄪ〇ࡢࡓࡵ࡟ࡣ㸦ࡍ࡞ࢃࡕ
⢊ᮎࢆἜỈ⏺㠃࡟྾╔ࡉࡏࡿ࡟ࡣ㸧ࠊ௨ୗࡢⅬࡀ㔜せ࡛࠶ࡿ࡜ሗ࿌ࡋ࡚࠸ࡿ 50ࠋ
➨ 1 ࡟ங໬⢏Ꮚࡢྜ୍㏿ᗘࡼࡾࡶ⢊ᮎࡀἜỈ⏺㠃࡟྾╔ࡍࡿ㏿ᗘࡢ᪉ࡀ㏿࠸ࡇ
࡜ࠊ➨ 2 ࡟ங໬᫬ࡢࡏࢇࡔࢇຊࡀங໬⢏Ꮚࡢ᭱ᑠ⢏ᚄࢆቯࡍ࡯࡝ᙉࡃ࡞࠸ࡇ࡜
㸦᭱ᑠ⢏ᚄࡣ⢊ᮎ㔞࡟ᛂࡌ࡚Ỵࡲࡿ㸧࡛࠶ࡿࠋ  
ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥ࡟࠾࠸࡚ࠊங໬๣࡛࠶ࡿ⢏ᏊࡢἜỈ⏺㠃࡬ࡢ྾╔ᣲ
ືࡣ࡯࡜ࢇ࡝୙ྍ㏫࡛࠶ࡿ࠺࠼ࠊங໬⢏Ꮚࡢ⏺㠃⭷ࡣᐦ࡞ᅛయ⭷࡛࠶ࡿࡓࡵࠊங
໬⢏Ꮚࡣྜ୍࡟ᑐࡋ࡚⇕ຊᏛⓗ࡟Ᏻᐃ࡛࠶ࡿ 51,52ࠋࡋ࠿ࡋࠊࢩ࢙࢔࡞࡝࡛ங໬⢏
Ꮚࡀኚᙧࡋ⏺㠃✚ࡀቑຍࡋࡓሙྜࠊ⏺㠃άᛶ๣࡛࠶ࢀࡤࠊࣂࣝࢡ୰࡟⁐ゎࡋࡓศ
Ꮚࡀࡍࡄࡉࡲ㠃✚ࡢቑຍศࢆ⿵࠺࡭ࡃ⏺㠃࡟྾╔ࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࡀࠊᅛయ
⢏Ꮚࡣࡑࢀࡀ࡛ࡁ࡞࠸ࠋᚑࡗ࡚ࠊங໬⢏Ꮚྠኈࡀ᥋㏆ࡋࡓ㝿࡟ࠊ⢊ᮎ࡛そࢃࢀ࡚
࠸࡞࠸⏺㠃ࡢࠕ✰ࠖࢆ௓ࡋ࡚▐᫬࡟ྜ୍ࡀ㉳ࡁࡿࠋࡇࡢࡼ࠺࡟ࠊࣆࢵ࢝ࣜࣥࢢ࢚
࣐ࣝࢩࣙࣥࡣ㟼⨨ࡋࡓ≧ែ࡛ࡣྜ୍Ᏻᐃᛶ࡟ඃࢀࡿ୍᪉࡛ࠊங໬⢏Ꮚࡀኚᙧࡍࡿ
⎔ቃ࡛ࡣྜ୍ࡀᐜ᫆࡟㉳ࡇࡿࠋங໬⢏Ꮚᚄࡀᑠࡉ࠸࡯࡝ࣛࣉࣛࢫᅽࡢቑຍ࡟ࡼࡿ
ங໬⢏Ꮚࡢኚᙧࡀᢚไࡉࢀࠊኚᙧ࡟ᑐࡍࡿྜ୍Ᏻᐃᛶࡣ㧗ࡲࡿࠋ  
1-6-2.  ⢓ᅵ㖔≀ࢆ⏝࠸ࡓࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥ  
⢓ᅵ㖔≀⢏Ꮚࢆ⏝࠸࡚ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡋࡓሙྜࠊ⢏Ꮚࡣங໬
๣࡜ࡋ࡚⏺㠃࡟྾╔ࡋᅛయ⭷ࢆᙧᡂࡍࡿ࡜ྠ᫬࡟ࠊ⢏Ꮚྠኈࡀࢿࢵࢺ࣮࣡ࢡࢆᙧ
ᡂࡋࠊቑ⢓๣࡜ࡋ࡚ࡶᶵ⬟ࡍࡿࠋ⏺㠃άᛶ๣ࢆ⏝࠸ࡓ࢚࣐ࣝࢩࣙࣥࠊ┦஫స⏝ࡢ
ᑡ࡞࠸⌫≧⢏Ꮚࢆ⏝࠸ࡓࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥࠊ⢓ᅵ㖔≀ࢆ⏝࠸ࡓࣆࢵ࢝ࣜ
ࣥࢢ࢚࣐ࣝࢩࣙࣥࡢ࢖࣓࣮ࢪᅗࢆ Fig.11 ࡟♧ࡋࡓ 53ࠋ1-5-2 ࡛ࡶゝཬࡋࡓᒣཱྀࡽ
ࡣࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀ࢆங໬๣࠾ࡼࡧቑ⢓๣࡜ࡋ࡚⏝࠸ࡓᏳᐃ࡞ W/O ᆺ࢚࣐ࣝ
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ࢩࣙࣥ࡟㛵ࡋ࡚ሗ࿌ࡋ࡚࠸ࡿ 39ࠋ࣋ࣥࢺࢼ࢖ࢺࡸࣔࣥࣔࣜࣟࢼ࢖ࢺ࡞࡝ࡢ⢓ᅵ㖔
≀ࢆ⏝࠸ࡓࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥࡢㄪ〇ࡣྂࡃ࠿ࡽ᳨ウࡉࢀ࡚࠸ࡿࡀࠊࡇࢀ
ࡽࡢሗ࿌ࡣࠊ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ 54,55ࡸ㧗ศᏊ 56ࠊࡲࡓṇ࡟ᖏ㟁ࡋࡓ⢓ᅵ㖔≀
㸦LDH, layered double hydroxides㸧  57࡜ే⏝ࡍࡿࡇ࡜࡛Ᏻᐃ࡞ங໬≀ࢆㄪ〇ࡋ࡚
࠾ࡾࠊ⢓ᅵ㖔≀༢⊂࡛ࡣங໬⢏Ꮚࡢྜ୍ࢆ᏶඲࡟ᢚไࡍࡿࡇ࡜ࡣᅔ㞴࡛࠶ࡿࠋࡇ
ࢀࡣࠊ⢓ᅵ㖔≀ࡢぶỈᛶࡀ㠀ᖖ࡟㧗ࡃࠊỈ࡟ศᩓࡋࡸࡍ࠸ࡓࡵ࡛࠶ࡿࠋ     
 
1-7. ᮏ◊✲ࡢ┠ⓗ  
ୖグࡢࡼ࠺࡟ࠊ⢓ᅵ㖔≀ࡢࡶࡘࢤࣝ໬⬟ࠊங໬⬟࡟ࡘ࠸࡚ከࡃࡢ◊✲ࡀ⾜ࢃࢀࠊ
ᕤᴗⓗ࡟ࡶά⏝ࡉࢀ࡚࠸ࡿ࡟ࡶ࠿࠿ࢃࡽࡎࠊ໬⢝ရ࡟࠾࠸࡚ࡣࡑࢀࡽࡢᶵ⬟ࡀ༑
ศ࡟฼⏝ࡉࢀ࡚࠸ࡿ࡜ࡣ࠸࠼࡞࠸ࠋࡇࡢ⌮⏤ࡣࠊ➨୍࡟ 1-4 ࡛㏙࡭ࡓࡼ࠺࡟⢓ᅵ
㖔≀ࡢࢤࣝࡀࠕ࢚࣮ࢪࣥࢢࠖ࡜ࡼࡤࢀࡿᵓ㐀ኚ໬ࢆࡺࡗࡃࡾ࡜㉳ࡇࡋࠊㄪ〇┤ᚋ
ࡣ⢓ᗘࡢ㧗࠸ࢤࣝࢆᙧᡂࡋ࡚ࡶࠊ3 ࠿᭶ᚋ࠶ࡿ࠸ࡣ 1 ᖺᚋ࡟Ỉࢆ㞳ࡍ⌧㇟ࡀࡋࡤ
ࡋࡤぢࡽࢀࡿࡇ࡜ࠊࡉࡽ࡟ࡇࡢ࣓࢝ࢽࢬ࣒ࡀ୙࡛᫂࠶ࡿࡓࡵࡇࢀࢆ㜵ࡄᡭẁࡀ࡞
࠸ࡇ࡜ࠊ➨஧࡟ 1-5 ࡛㏙࡭ࡓࡼ࠺࡟⢓ᅵ㖔≀༢⊂ࢆங໬๣࡜ࡋ࡚⏝࠸ࡓࣆࢵ࢝ࣜ
ࣥࢢ࢚࣐ࣝࢩࣙࣥࡢㄪ〇ࡀᅔ㞴࡛࠶ࡾࠊᖖ࡟⏺㠃άᛶ๣ࡸ㧗ศᏊ࡞࡝࡜ే⏝ࡍࡿ
ᚲせࡀ࠶ࡿࡓࡵࠊ⢓ᅵ㖔≀ࡢᚰᆅࡼ࠸ឤゐࢆά࠿ࡏ࡞࠸ࡇ࡜ࡀ࠶ࡿࠋ➨୍ࡢၥ㢟
ࢆゎỴࡍࡿࡓࡵ࡟ࠊࢫ࣓ࢡࢱ࢖ࢺࡢ࢚࣮ࢪࣥࢢ⌧㇟ࢆ⪃ᐹࡋࠊ㧗ศᏊ PEG ࡟ࡼ
ࡾࡇࢀࢆᢚไࡍࡿ᳨ウࢆ⾜ࡗࡓࠋࡑࡢ◊✲ෆᐜࢆ➨ 2 ❶࡟㏙࡭ࡿࠋ➨஧ࡢၥ㢟ࢆ
ゎỴࡍࡿࡓࡵ࡟ࠊࡠࡵࡾࡢ࠶ࡿ㧗ศᏊࡸ஝⇱㛫㝿ࡢ࡭ࡓࡘࡁࡀᙉ࠸⏺㠃άᛶ๣ࡢ
ే⏝ࢆ࡛ࡁࡿࡔࡅᢚ࠼࡚ࠊᏳᐃ࡞࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡍࡿ᳨ウࢆ⾜ࡗࡓࠋࡇࢀࢆ
➨ 3 ❶࠾ࡼࡧ 4 ❶࡟㏙࡭ࡿࠋ≉࡟ 4 ❶࡛ࡣࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀࡟ࡼࡿ࢜࢖ࣝࡢࢤ
ࣝ໬࣓࢝ࢽࢬ࣒ࡢ୍➃ࢆゎ᫂ࡋࡓ⤖ᯝ࡟ࡘ࠸࡚㏙࡭ࡿࠋࡑࡋ࡚ࠊ᭷ᶵኚᛶ⢓ᅵ㖔
≀ࢆ⏝࠸ࡓங໬࡞ࡽ࡛ࡣࡢ≉ᚩࢆ࠸࠿ࡋࠊᏳᐃ໬ࡀᅔ㞴࡛࠶ࡿ࡜ࡉࢀ࡚࠸ࡿ࣐ࣝ
ࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇ࢆ᳨ウࡋࠊ໬⢝ရ࡬ᛂ⏝ࡋࡓ⤖ᯝ࡟ࡘ࠸࡚ࠊ➨ 5 ❶࡟
㏙࡭ࡿࠋ  
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Fig.1 Destabilization process of emulsion
creaming
phase separation
aggregation
Ostwald Ripening
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Type of 
layer
Group 
(x=layer 
charge)
Octahedral 
character
Species
1:1
Serpentine-
Kaolin
(x~0)
Tri Mesite, lizardite, cronsyedite
Di Kaolinite, dickite, halloysite
2:1
Talc-
pyrophyllite
(x~0)
Tri Talc, 
Di Pyrophylite
Smectite
(x~0.2-0.6)
Tri Saponite, hectorite, stevensite
Di Montmollironite, beidellite
Vermiculite
(x~0.6-09)
Tri Trioctahedral vermiculite
Di Dioctahedral vermiculite
True Mica
(x~0.6-01.0)
Tri Biotite, phlogopite, lepidolite
Di Illite, muscoite, paragonite
Brittle Mica
(x~1.8-2.0)
Tri Clintonite, anandite
Di Margarite
Chlorite
(x variable)
Tri Clinochhlore, chamosite, 
Tri-Di Sudoite
Di
Table 1 Classification of Hydrous phyllosilicates
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Fig.2  Models of phyllosilicates
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0
0
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+
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䞉 䞉 䞉
䞉 䞉 䞉
+
2.9ύ
2.2ύ
2.2ύ
7ύ
10ύ
9.3ύ 14ύ
15ύ
Layer 
charge 0                     0                        0                 0.6-1.2         0.8-1.2        0.2-0.6,0.6-0.9
Kaolin
serpentine
halloysite Pyrophilite
Talc
Mica Chlorite Smectite
Vermiculite
Tetrahedral sheet
Octahedral sheet
HO plane
+ K+, Na+, Ca2+ Exchangeable cation
䞉 H2O
+
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Fig.3 Structure of (a) SiO4 tetrahedron;  (b) tetrahedral sheet;
(d) Al(OH)6 octahedron and (e) octahedral sheet 
Fig.4 Ideal (a) Di-octahedral and (b) Tri- octahedral sheet
Al3+
2.2ύ
Free space
Free space
OHorO
Mg2+ 2.2ύOHorO
2.2ύ
a)
b)
a) b)
c) d)
Ⴠ Si or Al
Ⴜ OH
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Table 2  Classification of smectites (after Uehara, 2000)
name Japanese name chemical structure
saponite 䝃䝫䝘䜲䝖 (Ca/2,Na)0.3(Mg,Fe2+)3(Si,Al)4O10(OH)2䞉4H2O
hectorite 䝦䜽䝖䝷䜲䝖 Na0.3(Mg,Li)3Si4O10(F,OH)2䞉4H2O
sauconite 䝋䞊䝁䝘䜲䝖 Na0.3Zn3(Si,Al)4O10(OH)2䞉4H2O
stevensite 䝇䝏䝤䞁䝃䜲䝖 (Ca/2)0.3Mg3Si4O10(OH)2䞉4H2O
swinefordite 䝇䜲䞁䝩䝹䝎䜲䝖 (Ca/2,Na)0.3(Li,Mg)2(Si,Al)4O10(OH,F)2䞉2H2O?
montmorillonite 䝰䞁䝰䝸䝻䝘䜲䝖 (Ca/2,Na)((Al,Mg)2(Si4)O10(OH)2䞉nH2O
beidellite 䝞䜲䝕䝷䜲䝖 (Ca/2,Na)0.3Al2(Si,Al)4O10(OH)2䞉nH2O
nontronite 䝜䞁䝖䝻䝘䜲䝖 Na0.3Fe33+(Si,Al)4O10(OH)2䞉nH2O
volkonskoite 䝪䝹䝁䞁䝇䝁䜰䜲䝖 Ca0.3(Cr3+,Mg,Fe3+)3(Si,Al)4O10(OH)2䞉nH2O
tri-octahedral
di-octahedral
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Fig.5 Alkylammonium cations
a) Cetyl Pyridinia (CP+)   b) Cetyl trimethylammonia(CTA)
c) Tetramethylammonia(TMA)   d) Trymethylphenylammonia(TMPA)
e) Hexadecyltrimethylammonia(HDTMA)
e)
d)
c)
b)
a)
20
Fig.7 Gelling mechanism of organoclay in oil (afer Kieke, 1988)
Fig.6 Conformations of interlayer cations (after Lagaly, 1982): (a) monolayer 
(1.37nm), (b) bilayer (1.77nm), (c) pseudotrimolecular layer (2.17nm),
(d) paraffin complex (>2.2nm) 
a)
b)
c)
d)
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Fig.8 Position of a small spherical particle at a planar fluid-water 
interface for a contact angle (measured though the aqueous phase) 
and the corresponding probable positioning of particles at a curved 
fluid-water interface. For θ<90㼻, solid stabilized aqueous foams or 
O/W emulsions may form (left),  for θ>90㼻, solid stabilized earosols 
or W/O emulsions may form (right).  (after Binks, 2002)
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θwater
oil
θ
θ
E䠙π䡎2γOW䠄䠍䠉cosθ䠅2
Fig.9 Position of a small spherical particle at planar oil-water interface; 
(a) lipophilic particle, (b) hydrophilic particle
(a)
(b)
hydrophilic lipophilic
0       30      60       90      60       30       0
Fig.10 Variation of the energy of attachment, E( relative to kT), of a spherical 
particle of radius R=1x10-8m at a planar oil-water interface of interfacial tension 
γow  =36x10-3Nm-1 with the contact angle θ the particle makes with the interface 
at 298K, calculated using eq.1 (after Binks, 2000). 
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Fig.11 Stabilization of emulsions by (a) surfactants; (b) solid particles 
(Pickering emulsions); an envelopoe around the droplets and a three-
dimensional network of particles spanning the coherent phase between the 
droplets  (after Abend, 2001).
a
b
c
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2 ❶ ࢫ࣓ࢡࢱ࢖ࢺ㸫PEG 」ྜయࡢὶື≉ᛶ࡜࢚࣮ࢪࣥࢢᣲື  
 
2-1㸬⥴ゝ  
⢓ᅵ㖔≀ࡣᆅ⌫ୖ࡟㇏ᐩ࡟ᏑᅾࡋᏳ౯࡛࠶ࡿࡇ࡜ࠊேయ࡟ᑐࡋ࡚Ᏻ඲࡛࠶ࡾࠊ
Ⰿࡸ࠿࡞እほ࡜⁥ࡽ࠿࡞ឤゐࢆ᭷ࡍࡿࡇ࡜࠿ࡽࠊ࣓࣮࢟ࣕࢵࣉ໬⢝ရ࡟ከࡃ౑ࢃ
ࢀ࡚࠸ࡿࠋ⢓ᅵ㖔≀ࡢ୰࡛ࡶࢫ࣓ࢡࢱ࢖ࢺࡣỈ୰࡛๤㞳ࡋࢤࣝࢆᙧᡂࡍࡿࡓࡵ࡟ࠊ
ᕤᴗⓗ࡟ࡣࢤࣝ໬๣࡜ࡋ࡚⏝࠸ࡽࢀࡿࡇ࡜ࡀከ࠸ࠋ໬⢝ရࡢほⅬ࠿ࡽࡣࠊࢫ࣓ࢡ
ࢱ࢖ࢺ࡟ࡼࡿỈᛶࢤࣝࡣࠊ⫙࡟ሬᕸࡋࡓ㝿࡟ࡠࡵࡾࡸ஝࠸ࡓᚋࡢ࡭ࡓࡘࡁࡀ࡞ࡃࠊ
࢟ࢧࣥࢱ࣒ࣥ࢞ࡸ࢝ࣝ࣎࢟ࢩࣅࢽ࣏࣐࣮ࣝࣜ࡞࡝ࡢỈ⁐ᛶ㧗ศᏊ࡟ࡼࡿỈᛶࢤ
ࣝ࡟ࡣ࡞࠸ᚰᆅࡼ࠸ឤゐࢆⓎ⌧ࡍࡿⅬ࡛኱ࡁ࡞࢔ࢻࣂࣥࢸ࣮ࢪࢆ᭷ࡍࡿࠋࡋ࠿ࡋ
୍᪉࡛ࠊ୰ᛶ௜㏆࡛ࡣ⤒᫬࡛┦ศ㞳ࡋ࡚Ỉࢆ㞳ࡍࡇ࡜ࠊ⤒᫬࡛ࢤࣝࡢ⢓ᗘࡀኚ໬
ࡍࡿࡇ࡜࠿ࡽࠊࢫ࢟ࣥࢣ࢔࡞࡝ࡢỈ⣔໬⢝ရ࡟࠾࠸࡚୺ࡓࡿࢤࣝ໬๣࡜ࡋ࡚⏝࠸
ࡽࢀࡿࡇ࡜ࡣ࡯࡜ࢇ࡝࡞ࡃࠊከࡃࡣከ⢾࡞࡝ቑ⢓ຠᯝࡢ࠶ࡿ㧗ศᏊ࡜ే⏝ࡍࡿࡓ
ࡵ 1ࠊ⢓ᅵ㖔≀ࡢᚰᆅࡼ࠸ឤゐࢆ༑ศ࡟Ⓨ᥹࡛ࡁ࡚࠸࡞࠸ࠋ  
ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ୰ࡢ⢓ᅵ㖔≀⢏Ꮚ㞟ྜయࡢᵓ㐀࡟㛵ࡋ࡚ࡣࠊ≉࡟ྜᡂ࣊ࢡ
ࢺࣛ࢖ࢺ࡛࠶ࡿ࣏ࣛࢼ࢖ࢺ࡟ࡘ࠸࡚ྂࡃ࠿ࡽ◊✲ࡉࢀ࡚࠸ࡿࠋ⢓ᅵ㖔≀⢏Ꮚࡢ⾲
㠃㸫࢚ࢵࢪ㛫ࡢ཯ᑐ㟁Ⲵᘬຊ࡟㉳ᅉࡍࡿ࣮࢝ࢻࣁ࢘ࢫᵓ㐀ࢆ࡜ࡿ࡜ࡍࡿㄝ 2 ࡀ
ᗈࡃ▱ࡽࢀ࡚࠸ࡿࡀࠊᕼⷧศᩓᾮ࡛ࡣ㟁Ⲵ཯Ⓨ࡟㉳ᅉࡍࡿ Wigner Glass ᵓ㐀 3ࠊ
ࢿ࣐ࢳࢵࢡ┦ᵓ㐀ࢆ࡜ࡿ࡜ࡍࡿㄝ࡞࡝ࠊ࠸ࡲࡔ࡟ㄽ㆟ࡀ⥆࠸࡚࠸ࡿ 4 ࠋࢫ࣓ࢡࢱ
࢖ࢺࡢỈ୰࡛ࡢศᩓ࣭จ㞟≧ែࡣࠊሷ⃰ᗘ 5,6ࠊpH7ࠊ ᗘ 8 ࡟ࡼࡗ࡚ࡶ␗࡞ࡿࠋ
ࡲࡓୖ࡛ࡶ㏙࡭ࡓࡼ࠺࡟ࠊ⤒᫬࡛ࢫ࣓ࢡࢱ࢖ࢺࡢࣄࢻࣟࢤࣝᵓ㐀ࡀᚎࠎ࡟ኚ໬ࡋࠊ
ࢤࣝ⢓ᗘࡀୖ᪼ࡍࡿࡇ࡜ࢆ࢚࣮ࢪࣥࢢ࡜࠸࠺ࡀࠊ≉࡟࣏ࣛࢼ࢖ࢺ࡟㛵ࡋ࡚ࡋࡤࡋ
ࡤ◊✲ࡉࢀ࡚࠾ࡾࠊ࢚࣮ࢪࣥࢢ⌧㇟ࡀ㠀ᖖ࡟ᗈ࠸⃰ᗘ⠊ᅖ㸦ᕼⷧศᩓᾮ୰࠿ࡽ⃰
ཌศᩓᾮ୰㸧ࠊሷ⃰ᗘ࡛ࠊ࠿ࡘᖺ༢఩࡞࡝ࡢ㛗࠸᫬㛫ࢫࢣ࣮࡛ࣝ㉳ࡇࡿࡇ࡜ࡀศ
࠿ࡗ࡚࠸ࡿ 9,10ࠋࡇࡢࡼ࠺࡟ࠊࢫ࣓ࢡࢱ࢖ࢺࢤࣝࡢᵓ㐀ࡀࠊㄪ〇ࡋ࡚࠿ࡽ⤒㐣ࡋ
ࡓ᫬㛫ࡸሷ⃰ᗘࠊࡲࡓㄪ〇᪉ἲ࡟ࡼࡗ࡚ࡶ␗࡞ࡿࡇ࡜ࡀࠊࢫ࣓ࢡࢱ࢖ࢺࢤࣝࡢ┦
ᵓ㐀࡟㛵ࡍࡿㄝࢆᐃࡵࡿጉࡆ࡟࡞ࡗ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
⤒᫬࡛≀ᛶࡀኚ໬ࡍࡿ࢚࣮ࢪࣥࢢ⌧㇟ࢆᢚไࡍࡿࡓࡵ࡟ࡣࠊ⢏Ꮚࡢศᩓ≧ែ
ࢆᏳᐃ࡟ಖࡘࡇ࡜ࡀᚲせ࡛࠶ࡿࠋࢥࣟ࢖ࢻ⢏ᏊࡢศᩓᏳᐃᛶࢆୖࡆࡿ᪉ἲࡢ୍ࡘ
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࡜ࡋ࡚ࠊ⢏Ꮚࡢ⾲㠃࡟㧗ศᏊࢆ྾╔ࡉࡏ࡚ࠊ❧య཯Ⓨࢆ฼⏝ࡍࡿ᪉ἲࡀ࠶ࡿࠋ࣏
࢚ࣜࢳࣞࣥࢢࣜࢥ࣮ࣝࡸ࣏࢚ࣜࢳࣞࣥࢢࣜࢥ࣮ࣝ -࣏ࣜࣉࣟࣆࣞࣥࢢࣜࢥ࣮ࣝࣈ
ࣟࢵࢡࢥ࣏࣐࣮ࣜ࡞࡝ࡢ㠀࢖࢜ࣥᛶ࣏࣐࣮ࣜ࡜ࡢΰྜ࡛ࠊ⢓ᅵ㖔≀⢏Ꮚࡢจ㞟࠾
ࡼࡧจ㞟࡟ࡼࡿ┦ศ㞳ࡀᢚไࡉࢀࡿ࡜࠸࠺ሗ࿌ࡀ࠶ࡿ 11,12ࠋ⢓ᅵ㖔≀࡜࣏࣐࣮ࣜ
࡜ࡢ┦஫స⏝ࢆ◊✲ࡍࡿୖ࡛ࡢࣔࢹࣝ≀㉁࡜ࡋ࡚࣏࢚ࣜࢳࣞࣥࢢࣜࢥ࣮ࣝ㸦 PEG㸧
ࢆ⏝࠸ࡓ◊✲౛ࡣᩓぢࡉࢀࠊPEG ࡢ⢓ᅵ㖔≀࡬ࡢ྾╔≧ែࠊࡍ࡞ࢃࡕ⢓ᅵ㖔≀࡬
྾╔ࡋࡓ PEG ศᏊࡢࢥࣥࣇ࢛࣮࣓࣮ࢩࣙࣥࡸ㐠ືᛶ࡟ࡘ࠸࡚ࡢ◊✲ሗ࿌ࡣᑡ࡞
ࡃ࡞࠸ 13-16 ࡀࠊࡑࢀࡀ࢚࣮ࢪࣥࢢ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ࡢሗ࿌ࡣ࡯࡜ࢇ࡝ぢཷ
ࡅࡽࢀ࡞࠸ࠋ  
୍᪉ࠊ࣏ࣛࢼ࢖ࢺศᩓᾮ୰࡛ࠊ࣏ࣛࢼ࢖ࢺ㦵᱁࠿ࡽ Na+ࡸ Mg2㸩࡞࡝ࡢ࢖࢜ࣥ
ࡀ⁐ฟࡋࠊ≉࡟ప pH ௜㏆࡛ࡑࡢഴྥࡀ኱ࡁ࠸ࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 17,18ࠋୖグ
࡛㏙࡭ࡓࡼ࠺࡟ࠊࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢᵓ㐀ࡣࠊሷ⃰ᗘ࡟ࡼࡾ␗࡞ࡿ࡜⪃࠼ࡽࢀ
࡚࠸ࡿࡓࡵࠊ⢓ᅵ㖔≀ࡢỈ୰࡛ࡢ⤒᫬ᵓ㐀ኚ໬ࢆ⪃࠼ࡿ㝿࡟ࡣࠊࢫ࣓ࢡࢱ࢖ࢺ࠿
ࡽࡢ࢖࢜ࣥࡢ⁐ฟࢆ⪃៖࡟ධࢀࡿᚲせࡀ࠶ࡿࠋࡲࡓሷࡢ㓄ྜ࡟ࡼࡾࠊࢫ࣓ࢡࢱ࢖
ࢺࢤࣝࡣ⤒᫬࡛┦ศ㞳ࡋࠊỈࢆ㞳ࡍ㸦㞳Ỉࡍࡿ㸧ࠋ  
໬⢝ရ࡟ࢫ࣓ࢡࢱ࢖ࢺࢆࢤࣝ໬๣࡜ࡋ࡚⏝࠸ࡿ࡟ࡣࠊ୰ᛶ௜㏆࡛ࡢ┦ศ㞳㸦㞳
Ỉ㸧ࢆᢚไࡍࡿࡇ࡜㸦㏻ᖖ໬⢝ရࡣࠊ⫙ࡢ pH ࡟㏆࠸ pH6㹼7 ࡟ㄪᩚࡉࢀࡿ㸧ࠊ⤒
᫬࡛ࡢᵓ㐀ኚ໬ࢆᢚไࡍࡿ࠿ࠊࡶࡋࡃࡣ᪩ࡃᖹ⾮≧ែ࡟฿㐩ࡉࡏࡿࡇ࡜ࡀᚲせ࡛
࠶ࡿࠋඛ࡟㏙࡭ࡓࡼ࠺࡟ࠊ⢓ᅵ㖔≀ࡢจ㞟ࢆᢚไࡍࡿຠᯝࡀሗ࿌ࡉࢀ࡚࠸ࡿࡇ࡜ࠊ
ࡲࡓಖ‵๣࡜ࡋ࡚ࡶ⏝࠸ࡽࢀࠊᏳ඲࡞ཎᩱ࡛࠶ࡾឤゐࡶᝏࡃ࡞࠸ࡇ࡜࠿ࡽࠊPEG
࡜⢓ᅵ㖔≀ࡢ」ྜయ࡟ࡘ࠸᳨࡚ウࢆ⾜࠺ࡇ࡜࡜ࡋࠊศᏊ㔞ࡢ␗࡞ࡿ PEG ࢆᩘ✀
ࡢࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ࡟ຍ࠼ࠊศᩓᾮࡢ⢓ᗘ ᐃ࡜」ᒅᢡᛶࡢほᐹ࡟ࡼࡾࠊPEG
ࡀࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ࢚࣮ࢪࣥࢢ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚⪃ᐹࡋࡓࠋࡉࡽ࡟ࠊ୰
ᛶ௜㏆࡟ pH ㄪᩚࡋࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ࢚࣮ࢪࣥࢢ࡟ᑐࡍࡿ PEG ࡢῧຍຠ
ᯝ࡟ࡘ࠸࡚ࠊ㝧࢖࢜ࣥࡢ⁐ฟ࡜ࣞ࢜ࣟࢪ࣮ࡢほⅬ࠿ࡽ⪃ᐹࡋࡓ⤖ᯝ࡟ࡘ࠸࡚ሗ࿌
ࡍࡿࠋ  
 
2-2㸬ᐇ㦂᪉ἲ  
2-2-1. ཎᩱ  
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 ࢫ࣓ࢡࢱ࢖ࢺ࡜ࡋ࡚ࡣࠊኳ↛ࡢࣔࣥࣔࣜࣟࢼ࢖ࢺ࡛࠶ࡿࢡࢽࣆ࢔ F㸦ࢡࢽ࣑ࢿ
ᕤᴗࠊ௨ୗ KU ࡜グ㍕㸧ࠊྜᡂࢧ࣏ࢼ࢖ࢺ࡛࠶ࡿࢫ࣓ࢡࢺࣥ SA㸦ࢡࢽ࣑ࢿᕤᴗࠊ
௨ୗ SA ࡜グ㍕㸧ࠊྜᡂ࣊ࢡࢺࣛ࢖ࢺ࡛࠶ࡿ࣏ࣛࢼ࢖ࢺ XLG㸦BYK Additives & 
Instrumentsࠊ௨ୗ LA ࡜グ㍕㸧࠾ࡼࡧࠊ࣏ࣛࢼ࢖ࢺ XLG ➃㠃ࡢ OH ࡢ୍㒊ࡀࣇࢵ
⣲࡟⨨ࡁ᥮ࢃࡗࡓᵓ㐀ࢆࡶࡘ࣏ࣛࢼ࢖ࢺ XL21㸦BYK Additives & Instrumentsࠊ௨
ୗ LAX ࡜グ㍕㸧ࢆ⏝࠸ࡓࠋ⏝࠸ࡓࢫ࣓ࢡࢱ࢖ࢺࡢ≉ᛶ್ࢆ Table 1 ࡟♧ࡍࠋࡇࢀ
ࡽࡢࢫ࣓ࢡࢱ࢖ࢺࡢ୰࡛ࠊSA ࡣᅄ㠃యࢩ࣮ࢺ࡟㈇㟁Ⲵࢆ᭷ࡋࠊࡑࢀ௨እࡢ KUࠊ
LAࠊLAX ࡣඵ㠃యࢩ࣮ࢺ࡟㈇㟁Ⲵࢆ᭷ࡋ࡚࠸ࡿࡀࠊᮏ◊✲࡛ࡣࡑࡢ㐪࠸࡟ࡘ࠸
࡚ࡣ⪃ᐹࡋ࡚࠸࡞࠸ࠋ⏝࠸ࡓ PEG ࡢศᏊ㔞ࢆ Table2 ࡟♧ࡋࡓࠋPEG23 ௨እࡢཎ
ᩱࡣ໬⢝ရཎᩱ࡜ࡋ࡚ࡢᕷ㈍ရ࡛࠶ࡾࠊ඲࡚ࡢཎᩱࡣὙίࠊ⢭〇࡞࡝ࡢᕤ⛬ࢆ⤒
ࡎࠊࡑࡢࡲࡲ⏝࠸ࡓࠋ  
2-2-2 ࢧࣥࣉࣝࡢㄪ〇᪉ἲ  
ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡣࠊ680g ࡢ࢖࢜ࣥ஺᥮Ỉࢆ࣑࣍ࣔ࢟ࢧ࣮㸦TK ࣑࣍ࣔ࢟ࢧ
࣮ࠊ≉Ṧᶵ໬㸧࡛ప㏿᧠ᢾࡋ࡞ࡀࡽ 20㹥ࡢࢫ࣓ࢡࢱ࢖ࢺࢆᚎࠎ࡟ῧຍࡋࠊ඲㔞ࢆ
ῧຍᚋ 6000rpm10 ศ㛫᧠ᢾࡋࡓࡢࡕࠊ50ml ࢫࢡ࣮ࣜࣗ⟶ෆ࡛ᡤᐃࡢ⃰ᗘ࡜࡞ࡿ
ࡼ࠺࡟࢖࢜ࣥ஺᥮Ỉࢆຍ࠼ࠊ࣑࣍ࣔ࢟ࢧ࣮㸦࣏ࣜࢺࣟࣥࠊKINEMATICA㸧࡛
10000rpm1 ศ㛫᧠ᢾࡋ࡚ㄪ〇ࡋࡓࠋ᧠ᢾ᫬㛫ࢆኚ࠼ࡓࢧࣥࣉࣝࡢㄪ〇ἲ࡟ࡘ࠸࡚
ࡣࠊ⤖ᯝࡢ❶࡟ヲࡋࡃグ㍕ࡋࡓࠋࢫ࣓ࢡࢱ࢖ࢺ࡜ PEG ࡜ࡢΰྜᾮࡣࠊୖグࡢ᪉
ἲ࡛ 680g ࡢ࢖࢜ࣥ஺᥮Ỉ࡟ 20㹥ῧຍࡋ᧠ᢾΰྜࡋࠊᐊ ࡟࡚ 1 㐌㛫⤒㐣ࡋࡓࢫ
࣓ࢡࢱ࢖ࢺศᩓᾮ࡜ࠊㄪ〇ࡋ࡚ 1 ᫨ኪ㟼⨨ࡋࡓ࣏࣐࣮ࣜ20wt%Ỉ⁐ᾮࢆᡤᐃࡢ⃰
ᗘ࡜࡞ࡿࡼ࠺ࠊ50ml ࢫࢡ࣮ࣜࣗ⟶ෆ࡛࣏ࣜࢺ࡛ࣟࣥᆒ୍࡟࡞ࡿࡲ࡛᧠ᢾࡋ࡚ㄪ
〇ࡋࡓࠋ  
2-2-3 ⢓ᗘ ᐃ᪉ἲ  
⢓ᗘ ᐃࡣࣈࣝࢵࢡࣇ࢕࣮ࣝࢻᆺ㸦B ᆺ㸧⢓ᗘィ㸦ࣅࢫ࣓ࢺࣟࣥࠊⰪᾆࢩࢫࢸ
࣒㸧ࢆ⏝࠸ࠊ࣮ࣟࢱ࣮No.3ࠊᅇ㌿ᩘ 12rpm ࡛⾜࠸ࠊྛ ᗘ࡟ಖᏑࡋࡓࢧࣥࣉࣝࢆ
25Υ࡟࡚ ᐃࡋࡓࠋ⢓ᙎᛶ ᐃࡣ࣓࣮ࣞ࢜ࢱ࣮㸦MR300ࠊ࢔ࣥࢺࣥࣃ࣮ࣝ㸧࡟ࡼ
ࡾࠊ┤ᚄ 5 ੉ࡢࣃࣛࣞࣝࣉ࣮ࣞࢺࢆ⏝࠸ࠊgap1 ੈ࡛ᐇ᪋ࡋࡓࠋAmplitude Sweep
 ᐃࡣࠊ10rad/s ࡟࡚⾜ࡗࡓࠋ ᐃࡣ඲࡚ 25Υ࡟࡚⾜ࡗࡓࠋ  
2-2-4 ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ࠿ࡽࡢ࢖࢜ࣥ⁐ฟ㔞 ᐃ᪉ἲ  
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pH ⣙ 3ࠊ4ࠊ6ࠊ7ࠊ8ࠊ9 ࡞ࡿࡼ࠺࡟ total0.1 ࡲࡓࡣ 0.2mol/L ࡛ㄪᩚࡋࡓࢡ࢚ࣥ
㓟ࠊࢡ࢚ࣥ㓟ࢼࢺ࣒ࣜ࢘⦆⾪ᾮࢆ࢞ࣛࢫᐜჾ࡟ㄪ〇ࡋࠊࡇࢀ࡟ 1 ࡲࡓࡣ 2wt%࡜
࡞ࡿࡼ࠺ࢫ࣓ࢡࢱ࢖ࢺࢆຍ࠼ࡓࠋࡇࢀࢆ 1 ᫬㛫㉸㡢Ἴฎ⌮ࡋࡓᚋ࡟࣏ࣜࢺ࡛ࣟࣥ
10000rpm ࡛ 1 ศ㛫᧠ᢾࡋࠊpH ࢆ ᐃࡋࡓᚋ࡟ 0Υࠊ25Υࠊ37Υࠊ50Υࡢྛ ᗘ
࡟ಖᏑࡋࡓࠋpH ࡢ್ࡣ 2 ࢧࣥࣉࣝࡢᖹᆒ್ࢆ♧ࡋࡓࠋ  
ୖグࡢ᪉ἲ࡟࡚ㄪ〇ࡋࡓࢧࣥࣉࣝࡢ࠺ࡕࠊ25Υ࡟ಖᏑࡋࡓࢧࣥࣉࣝࢆ⏝࠸ࠊ⤒
᫬࡛ࡢ⤒᫬࡛ࡢ࢖࢜ࣥ⁐ฟ㔞ࢆ ᐃࡋࡓࠋ  
࢖࢜ࣥ⁐ฟ ᐃἲࡣ௨ୗࡢ࡜࠾ࡾ⾜ࡗࡓࠋಖᏑࡋࡓࢧࣥࣉࣝࢆᆒ୍࡟᣺ࡾΰࡐ࡚
30g ࢆ㐲ᚰ⟶࡟࡜ࡾࠊࡇࡇ࡟ 7.5g ࡢ㣗ሷࢆຍ࠼࡚⁐ゎࡉࡏࡓࠋࡑࡢᚋ 10000rpm
࡛ 20 ศ㛫㐲ᚰศ㞳ࢆ⾜࠸ࠊୖ⃈ࡳࢆ 20ȣm ࡢࣇ࢕ࣝࢱ࣮࡛ࢁ㐣ࡋ࡚ࢧࣥࣉࣝࢆ
ᚓࡓࠋಖᏑࢧࣥࣉࣝ࡟㣗ሷࢆຍ࠼ࡿࡢࡣࠊᚤ⣽࡞ࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚࢆจ㞟ࡉࡏ࡚ࠊ
ࣇ࢕ࣝࢱ࣮࡛᏶඲࡟ྲྀࡾ㝖ࡃࡓࡵ࡛࠶ࡿࠋᚓࡽࢀࡓࢧࣥࣉࣝࡢ ICP ศᯒࢆ⾜࠸ࠊ
㔠ᒓ⁐ฟ㔞ࢆ ᐃࡋࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊከ㔞࡟ Na ሷࢆຍ࠼࡚ ᐃࡍࡿ᪉ἲࡣ⿦
⨨࡟㈇ᢸࢆ࠿ࡅࡿࡓࡵࠊPEG ࡜ࢫ࣓ࢡࢱ࢖ࢺ࡜ࡢΰྜศᩓᾮ࠿ࡽࡢ Mg ⁐ฟ㔞
ࡣࠊ࢚ࣜ࢜ࢡ࣒ࣟࣈࣛࢵࢡ T ࢆ⏝࠸ࡓ⁲ᐃἲ 19 ࡟ࡼࡾ⁲ᐃ ᐃࡋࡓࠋ  
2-2-5 ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢࣞ࢜࢜ࣉࢸ࢕ࢵࢡ ᐃ  
ࢧࣥࣉࣝࡢࣞ࢜ࣟࢪ࣮≉ᛶ࡜ྠ᫬࡟」ᒅᢡᛶࢆ᳨ฟࡍࡿࡓࡵࡢ⿦⨨ࡢᴫせࢆ
Fig.1 ࡟♧ࡋࡓࠋࢫࢺࣞࢫไᚚᘧ࣓࣮ࣞ࢜ࢱ࣮㸦Anton Paar ♫ࠊMCR301㸧ࢆືຊ
࡜ࡋ࡚⏝࠸ࠊ஧ᯛࡢ࢞ࣛࢫ㸦BK-7㸧〇ࣃࣛࣞࣝࣉ࣮ࣞࢺࡢ㛫࡟ࢧࣥࣉࣝࢆࡣࡉࡳࠊ
 ᐃࢆ⾜ࡗࡓࠋHe-Ne ࣮ࣞࢨ࣮ග※ࡣ࣓࣮ࣞ࢜ࢱ࣮ࡢୗ㒊࡟࠶ࡾࠊᅇ㌿༙Ἴ㛗ᯈ
ᆺ೫ගኚㄪჾࢆ㏻ࡋ࡚ὶ㊰࡟ᆶ┤࡟↷ᑕࡍࡿ㸬ࢧࣥࣉࣝࢆ㏻㐣ࡋࡓගᙉᗘࡣ೫ග
ゎᯒჾ࡛࠶ࡿ෇೫ගᯈࢆ㏻ࡋࣇ࢛ࢺࢲ࢖࣮࢜ࢻ᳨࡛ฟࡋࡓࠋ⿦⨨ࡢヲ⣽ࡣᩥ⊩ࢆ
ཧ↷ࡉࢀࡓ࠸ 20,21ࠋ  
 
2-3㸬⤖ᯝ࠾ࡼࡧ⪃ᐹ  
2-3-1. ࣏ࣛࢼ࢖ࢺ㸦LA㸧ࡢ࢚࣮ࢪࣥࢢᣲື  
LA ࠾ࡼࡧ SA2wt%ศᩓᾮࡣࠊ࣑࣍ࣔ࢟ࢧ࣮࡛㧗᧠ᢾࡋ࡚ㄪ〇ࡋࡓ┤ᚋࡢእほ
ࡣ࡯࡜ࢇ࡝⢓ᗘࡢ࡞࠸㟷ⓑ࠸ᾮయ㸦㟷ࡃぢ࠼ࡿࡢࡣ⢓ᅵ⢏Ꮚ࡟ࡼࡿᩓ஘㸧࡛࠶ࡿ
ࡀࠊ᫬㛫ࡀ⤒ࡘ࡟ࡘࢀᚎࠎ࡟⢓ᗘࡀୖ᪼ࡋࠊ3 ᪥࡯࡝࡛ὶືᛶࡢ࡞࠸ࢤࣝࢆᙧᡂ
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ࡍࡿࠋLA 2wt%ศᩓᾮࢆࠊ᧠ᢾ᫬㛫ࢆኚ࠼࡚ㄪ〇ࡋࠊ25Υ࠾ࡼࡧ 50Υ࡟࡚ಖᏑࡋ
ࡓࢧࣥࣉࣝࡢ⢓ᗘࢆ B ᆺ⢓ᗘィ࡛⤒᫬ ᐃࡋࡓ⤖ᯝࢆ Fig.2 ࡟♧ࡍࠋㄪ〇᪉ἲࡣ
Scheme 1 ࡟♧ࡋࡓࠋ᧠ᢾ᫬㛫ࡀ㛗࠸᪉ࡀࠊࡲࡓಖᏑ ᗘࡀ㧗࠸᪉ࡀศᩓᾮࡢ⢓
ᗘୖ᪼ࡀ㏿࠸ࡇ࡜ࡀ♧ࡉࢀࡓࠋࢫ࣓ࢡࢱ࢖ࢺࡢ㧗 ࡛ࡢศᩓᏳᐃᛶࡀ㧗ࡲࡿࡇ࡜
ࡣ DLVO ⌮ㄽ࡟ࡶ▩┪ࡋ࡞࠸⌧㇟࡛࠶ࡾ 8ࠊࢫ࣓ࢡࢱ࢖ࢺࡢ⢏Ꮚࡀࡼࡃศᩓࡉࢀ
࡚࠸ࡿ᪉ࡀ࢚࣮ࢪࣥࢢ⌧㇟ࡀ㏿ࡃ㐍⾜ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ⢓ᅵ㖔≀ศᩓᾮࡢ」
ᒅᢡᛶ࡟ࡘ࠸࡚ࡣࠊሷ⃰ᗘ࠾ࡼࡧ⢓ᅵ㖔≀⢏Ꮚࡢ⢏ᚄࢆኚ࠼ࡓ㝿ࡢࢰࣝ -ࢤࣝ㌿
⛣ࢆ೫ගᯈࢆ⏝࠸࡚ほᐹࡋࡓሗ࿌ࡀ࠶ࡿࡀ 22ࠊࡇࡢሗ࿌࡜ྠᵝ࡟ LA ࠾ࡼࡧ SA
ศᩓᾮࢆ 2 ᯛࡢ೫ගᯈࡢ㛫࡟⨨ࡁ⤒᫬ほᐹࡋࡓࠋ≧ែኚ໬ࡀ㢧ⴭ࡛࠶ࡗࡓ SA 
2wt%ศᩓᾮࡢ෗┿ࢆ Fig.3 ࡟♧ࡋࡓ㸦ࢧࣥࣉࣝࡣಽࡋ࡚᧜ᙳ㸧ࠋㄪ〇┤ᚋࡣ➼᪉
ᛶ࡛࠶ࡗࡓศᩓᾮ୰࡛ᚎࠎ࡟⢓ᅵ㖔≀⢏Ꮚࡀ㓄ྥࡋ࡚」ᒅᢡᛶࢆ♧ࡋࠊࢤࣝ໬ࡍ
ࡿᵝᏊࡀࡼࡃศ࠿ࡿࠋSA 2wt%ศᩓᾮ࡛ࢤࣝ໬ࡋࡓࢧࣥࣉࣝࡣ࠸ࡎࢀࡶ┦ศ㞳࡟
ࡼࡿ㞳ỈࡀぢࡽࢀࠊB ᆺ⢓ᗘィ࡟ࡼࡾ⢓ᗘࢆ ᐃࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠿ࡗࡓࠋ  
2-3-2 PEG ࡢῧຍࡀ࢚࣮ࢪࣥࢢ࡟ཬࡰࡍᙳ㡪  
Scheme 1 ࡟♧ࡍ᪉ἲ࡟࡚ㄪ〇ࡋࡓ LA ࡜ PEG9 ࠾ࡼࡧ PEG90 ࡜ࡢΰྜศᩓᾮ
ࢆ B ᆺ⢓ᗘィࢆ⏝࠸࡚⤒᫬࡛ ᐃࡋࡓ⤖ᯝࢆ Fig.4 ࠾ࡼࡧ 5 ࡟♧ࡍࠋ࠸ࡎࢀࡢΰ
ྜศᩓᾮࡶ LA 2wt%༢⊂ศᩓᾮ࡜ྠᵝ࡟ࠊ᧠ᢾ᫬㛫ࡀ㛗࠸᪉ࡀࠊࡲࡓಖᏑ ᗘࡀ
㧗࠸᪉ࡀศᩓᾮࡢ⢓ᗘୖ᪼ࡀ㏿࠿ࡗࡓࡀࠊPEG90 ࡜ࡢΰྜศᩓᾮࡢ࡯࠺ࡀ⢓ᗘ
ୖ᪼࡟᫬㛫ࢆせࡋࠊྠࡌᕤ⛬࣭ಖᏑ ᗘ࡛ẚ㍑ࡍࡿ࡜ࣉࣛࢺ࣮࡟㐩ࡍࡿ⢓ᗘࡶప
࠸ഴྥ࡟࠶ࡗࡓࠋ≉࡟ PEG90 ΰྜศᩓᾮࡢ 25ΥಖᏑရࡣࠊㄪ〇 30 ᪥ᚋ࡟࠾࠸
࡚ࡶ⢓ᗘୖ᪼ࡀࡳࡽࢀࡎࠊ40 ᪥ᚋ࠿ࡽᚎࠎ࡟⢓ᗘୖ᪼ࡋࡓࠋࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊ
ࡼࡾ㧗ศᏊ㔞ࡢ PEG ࢆඹᏑࡉࡏࡓሙྜ࡟ࡣࠊ࢚࣮ࢪࣥࢢ࡟ࡼࡿ⢓ᗘୖ᪼ࡀᢚไ
ࡉࢀࡿഴྥ࡟࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
Fig.6 ࡟ࠊᕤ⛬ A ࡛ㄪ〇ࡋࡓ LA ༢⊂ศᩓᾮ࠾ࡼࡧ PEG9ࠊPEG90 ΰྜศᩓᾮ
ࢆࠊㄪ〇ᚋ 25Υ࡟࡚ 40 ᪥ಖ⟶ࡋࡓᚋ࡟ ᐃࡋࡓ Amplitude Sweep ᭤⥺ࢆ♧ࡍࠋ
LA ༢⊂ศᩓᾮ࡜ PEG㸷ΰྜᾮࡢᣲືࡣ࡯ࡰྠࡌ࡛࠶ࡿࡀࠊPEG90 ΰྜศᩓᾮ࡛
ࡣ㧗ࡦࡎࡳ᫬ࡢ G್̓ῶᑡࡀ࡞ࡔࡽ࠿࡛࠶ࡿࠋࡇࢀࡣࠊLA ༢⊂ࡲࡓࡣ LA+PEG 
9 ΰྜศᩓᾮࡀࠊ㧗ࡦࡎࡳ࡟ࡼࡾࢿࢵࢺ࣮࣡ࢡࡀᛴ⃭࡟◚ቯࡉࢀࡿࡢ࡜ẚ㍑ࡋ࡚ࠊ
LA+PEG 90 ΰྜศᩓᾮࡣࠊࢿࢵࢺ࣮࣡ࢡ◚ቯࡀࡺࡿࡸ࠿࡟㐍⾜ࡍࡿࡇ࡜ࢆ♧ࡋ
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࡚࠸ࡿࠋFig.7 ࡟ SA ༢⊂ศᩓᾮ࡜ PEG90 ΰྜศᩓᾮࡢ Amplitude Sweep ᭤⥺ࢆ
ẚ㍑ࡋ࡚♧ࡋࡓࠋSA ༢⊂ศᩓᾮ࡟࠾࠸࡚ࡶ PEG90 ΰྜศᩓᾮ࡛ࡣ㧗ࡦࡎࡳ࡛ࡢ
ᵓ㐀◚ቯࡀࡺࡿࡸ࠿࡛࠶ࡿࡀࠊࡼࡾ㧗࠸ࡦࡎࡳ࡛ᵓ㐀◚ቯࡀ㛤ጞࡋ࡚࠸ࡿࡇ࡜ࡀ
ࢃ࠿ࡿࠋPEG ࢆῧຍࡋࡓ⣔࡛ࡣࠊPEG ศᏊࡀࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚ࡝࠺ࡋࡢ͆ࡘ࡞
ࡂ͇࡜ࡋ࡚ࡣࡓࡽࡁࠊᛴ⃭࡞ኚ໬ࢆ⦆࿴ࡋ࡚࠸ࡿࡢ࡛ࡣ࡞࠸࠿࡜⪃࠼ࡽࢀࡿࠋ  
2-3-3  pH ㄪᩚࡋࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ࢚࣮ࢪࣥࢢᣲື࡟ཬࡰࡍ PEG ῧຍࡢ
ᙳ㡪 ձ⢓ᗘኚ໬  
ḟ࡟ࠊࢡ࢚ࣥ㓟ࠊࢡ࢚ࣥ㓟ࢼࢺ࣒ࣜ࢘ Buffer ࢆ⏝࠸࡚ྛ pH ࡟ㄪᩚࡋࡓ
PEG4wt%㸩LA 1wt%࠾ࡼࡧ PEG 5wt%㸩SA 2wt%ΰྜศᩓᾮࡢࠊB ᆺ⢓ᗘィ࡛ 
ᐃࡋࡓ⢓ᗘࡢ⤒᫬ኚ໬ࢆ Fig.8ࠊ9 ࡟ࠊㄪ〇┤ᚋ࡜ 1 ࠿᭶ᚋࡢ pH ࢆ Table3 ࡟♧
ࡍࠋࢧࣥࣉࣝࡣࠊࢡ࢚ࣥ㓟 0.3wt%ࠊࢡ࢚ࣥ㓟ࢼࢺ࣒ࣜ࢘ 0.7wt%ࡢΰྜỈ⁐ᾮࢆࠊ
ᡤᐃࡢ⃰ᗘ࡜࡞ࡿࡼ࠺࡟ㄪ〇ᚋ 1 㐌㛫௨ୖ⤒㐣ࡋࡓࢫ࣓ࢡࢱࢺศᩓᾮ࡟ຍ࠼ࠊ
50ml ࢫࢡ࣮ࣜࣗ⟶୰࡛࣏ࣜࢺ࡛ࣟࣥ 1000rpm1 ศ㛫᧠ᢾࡋ࡚ㄪ〇ࡋࡓྛࠋ ࢧࣥࣉ
ࣝࡣ 2 ಶࡎࡘㄪ〇ࡋࠊpH ࢆ ᐃࡋࡓᚋ࡟ 0Υࠊ37Υࠊ50Υࡢྛᜏ ᵴ࡟ಖᏑࡋ
ࡓࠋpH ࡢ್ࡣ 2 ࢧࣥࣉࣝࡢᖹᆒ್ࢆ♧ࡋࡓࠋ  
PEG ࠾ࡼࡧࢡ࢚ࣥ㓟⦆⾪ᾮ࡜ΰྜ᫬ࠊࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡣㄪ〇ᚋ 1 㐌㛫ࢆ
⤒㐣ࡋ࡚࠸ࡿࡓࡵࠊ⢏Ꮚࡢศᩓ≧ែࡣⰋዲ࡛࡯ࡰ᏶඲࡟๤㞳≧ែ࡟࠶ࡿ࡜⪃࠼ࡽ
ࢀࡿࠋLA ༢⊂ศᩓᾮࡣࠊࡑࢀ༢⊂࡛ࡣ pH10 ๓ᚋ࡛࠶ࡾ⢓ᗘ⣙ 2000mPa࣭s ࡛࠶
ࡿࡀࠊpH㸵௜㏆࡟࡞ࡿࡼ࠺ࢡ࢚ࣥ㓟⦆⾪ᾮࢆΰྜࡍࡿ࡜ࠊΰྜ┤ᚋ࡟⢓ᗘࡀᛴ⃭
࡟ୖ᪼ࡋࠊ⩣᪥࡟ࡣὶືᛶࡢ࡞࠸ࢤࣝ≧ែ࡛㞳ỈࡀぢࡽࢀࠊB ᆺ⢓ᗘィࡢ࣮ࣟࢱ
࣮⾲㠃࡛㞳ỈࡋࡓỈ࡟ࡼࡿୖ⁥ࡾࡀ㉳ࡇࡾ⢓ᗘ ᐃ࡛ࡁ࡞࠿ࡗࡓࠋ PEG ΰྜᾮ
࡛ࡣࠊPEG9 ΰྜᾮ࡛ㄪ〇 3 ᪥ᚋ࡟㞳Ỉࡀぢࡽࢀࠊ≉࡟ SA ศᩓᾮ࡛㢧ⴭ࡛࠶ࡾ
⢓ᗘ ᐃࡀ࡛ࡁ࡞࠿ࡗࡓ⬮ὀࠋPEG9 ࡼࡾ㧗ศᏊ㔞ࡢ PEG ࡜ࡢΰྜᾮ࡛ࡣㄪ〇 45
᪥ᚋࡶ㞳Ỉࡀぢࡽࢀࡎࠊ࠸ࡎࢀࡶὶືᛶࡢ࠶ࡿࢰࣝ≧ែ࡛࠶ࡗࡓࠋFig.10 ࡟ࢡ࢚
ࣥ㓟⦆⾪ᾮࢆຍ࠼ࡓ LA2tw%ศᩓᾮ࠾ࡼࡧ PEG ΰྜᾮࡢㄪ〇 1 ᪥ᚋࡢእほࢆ♧
ࡍࠋLA ༢⊂ศᩓᾮ࡛ࡣὶືᛶࡢ࡞࠸୙㏱᫂࡞ࢤ࡛ࣝࠊPEG ΰྜᾮ࡛ࡣ㟷ⓑ࠸㏱
᫂࡞ࢰࣝ≧ែ࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡿࠋFig.11 ࡟ࢡ࢚ࣥ㓟⦆⾪ᾮࢆຍ࠼ࡓ SA ศᩓᾮ
࡜ PEG90 ࢆຍ࠼ࡓศᩓᾮࡢㄪᩚ 1 ᪥ᚋࡢእほ࡜ࠊࡇࢀࡽࢆ┤⾜ࡉࡏࡓ೫ගᯈࡢ
㛫࡟ࡣࡉࢇࡔ≧ែ࡛ࡢእほࢆ♧ࡍࠋࢫ࣓ࢡࢱ࢖ࢺࡢ༢⣧ศᩓᾮ࡜ẚ㍑ࡋ࡚ PEG90 
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ΰྜᾮࡢ」ᒅᢡᛶࡀᙅ࠸ࡇ࡜ࡀࢃ࠿ࡿࠋࡇࡢࡇ࡜ࡼࡾࠊ୰ᛶ௜㏆࡛ࡢࢫ࣓ࢡࢱ࢖
ࢺ⢏Ꮚࡢ㓄ྥᛶࡀ PEG ῧຍ࡟ࡼࡾᙅࡲࡗࡓࡇ࡜ࠊࡑࡢຠᯝࡀ PEG ࡢศᏊ㔞ࡀ㧗
࠸᪉ࡀ㢧ⴭ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
2-3-4. pH ㄪᩚࡋࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ࢚࣮ࢪࣥࢢᣲື࡟ཬࡰࡍ PEG ῧຍࡢ
ᙳ㡪 ղMg ⁐ฟ㔞  
 2-3 ࡟♧ࡋࡓ᪉ἲ࡛ྛ✀ࢫ࣓ࢡࢱ࢖ࢺ 1wt%ศᩓᾮ࡟ࣜࣥ㓟⦆⾪ᾮࢆຍ࠼࡚
pH4㹼9 ࡟ㄪ〇ࡋࠊ25Υ࡟ಖᏑࡋ࡚ 3 ᪥ᚋ࡜ 2 㐌㛫ᚋ࡟Ỉ୰࡟⁐ฟࡋࡓ㔠ᒓ࢖࢜
ࣥࢆ ICP ࡟ࡼࡾ ᐃࡋࡓ⤖ᯝࢆ Table 4 ࡟♧ࡍࠋప pH ࡟࠾࠸࡚ Mg ࢖࢜ࣥࡀከ
ࡃ᳨ฟࡉࢀ࡚࠸ࡿࢧࣥࣉ࡛ࣝࡶ Fe ࠾ࡼࡧ Al ࢖࢜ࣥࡀ᳨ฟࡉࢀ࡚࠸࡞࠸ࡇ࡜࠿
ࡽࠊ㐲ᚰศ㞳࡜ℐ㐣࡜࡛࡯ࡰ඲࡚ࡢࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚࡀྲྀࡾ㝖࠿ࢀ࡚࠸ࡿࡇ࡜ࡀ
♧ࡉࢀ࡚࠸ࡿࠋ⤌ᡂ୰࡟ MgO ࡢྵ᭷㔞ࡀᑡ࡞࠸ KU ศᩓᾮ࠿ࡽࡢ Mg ⁐ฟ㔞ࡣ
ᑡ࡞࠿ࡗࡓࡀࠊSA ࠾ࡼࡧ LA ศᩓᾮ࠿ࡽࡣ Mg ࢖࢜ࣥࡀከࡃ⁐ฟࡋ࡚࠾ࡾࠊప
pH ࢧࣥࣉࣝ࡯࡝⁐ฟࡍࡿ Mg ࢖࢜ࣥࡢ㔞ࡀከ࠿ࡗࡓࠋ≉࡟ࠊpH3 ࡟ㄪᩚࡋࠊ50Υ
࡟ಖᏑࡋࡓ KU ศᩓᾮ࠿ࡽ⁐ฟࡋࡓ Mg 㔞ࡣࠊKU ⢏Ꮚ඲⤌ᡂࡢ⣙ 10%࡟┦ᙜࡋ
ࡓࠋpH3ࠊ6ࠊ8 ࡟ㄪ〇ࡋࠊ0Υ࠾ࡼࡧ 50Υ࡟ಖᏑࡋࡓࢧࣥࣉࣝࡢ pH ኚ໬ࢆ Fig.12
࡟♧ࡋࡓࠋMg ࢖࢜ࣥ⁐ฟ㔞ࡢᑡ࡞࠿ࡗࡓ KU ศᩓᾮࡣ࠸ࡎࢀࡢࢧࣥࣉ࡛ࣝࡶ pH
ኚ໬ࡀᑡ࡞࠿ࡗࡓࡢ࡟ᑐࡋࠊ⁐ฟ㔞ࡢከ࠿ࡗࡓ SA ࠾ࡼࡧ LA ศᩓᾮࡣࠊpH8 ௨
ୖ࡛ࡣኚ໬ࡀᑡ࡞࠿ࡗࡓࡶࡢࡢࠊpH3ࠊ6 ㄪ〇ᾮࡣࠊpH ࢆ ᐃࡋࡓㄪ〇 1 ᫬㛫ᚋ
࡟ࡣ pH 6 ⛬ᗘࡲ࡛ୖ᪼ࡋࠊࡑࡢᚋࡣ࡯࡜ࢇ࡝ኚ໬ࡀ࡞࠿ࡗࡓࠋ ᗘ࡟ࡼࡿᕪࡶ
࡯࡜ࢇ࡝ぢࡽࢀ࡞࠿ࡗࡓࠋ  
 PEG ࢆῧຍࡋࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ Mg ࢖࢜ࣥࡢ⁐ฟ㔞ኚ໬ࢆ࢚ࣜ࢜ࢡ࣒ࣟ
ࣈࣛࢵࢡ T ࢆ⏝࠸ࡓ᪉ἲ࡛ ᐃࡋࡓ⤖ᯝࠊPEG ῧຍ࡟ࡼࡾ Mg ࢖࢜ࣥ⁐ฟ㔞ࡀ
ⱝᖸపῶࡉࢀ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓ㸦Fig.13㸧ࠋ㧗ศᏊ PEG ྾╔┦࡟ࡼࡾࠊࢫ࣓
ࢡࢱ࢖ࢺ⢏Ꮚ㏆ഐࡢ࢖࢜ࣥ⃰ᗘࡀ㧗ࡲࡾࠊ⁐ฟࡀᢚไࡉࢀ࡚࠸ࡿࡢ࡛ࡣ࡞࠸࠿࡜
⪃࠼࡚࠸ࡿࠋሷࡢ⁐ฟࡀᢚไࡉࢀࡓ⤖ᯝࠊࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚ࡝࠺ࡋࡢจ㞟ࡀᙅࡲ
ࡾࠊ㞳Ỉࡶᢚไࡉࢀ࡚࠸ࡿࡢ࡛ࡣ࡞࠸࠿࡜⪃࠼࡚࠸ࡿࡀࠊpH ኚ໬ࡢᢚไ࡟ࡣ PEG
ῧຍࡣຠᯝࡀ࡞࠿ࡗࡓ㸦Fig.14㸧ࠋ  
2-3-5. ࣞ࢜࢜ࣉࢸ࢕ࢵࢡࢫ ᐃἲ࡟ࡼࡿࢫ࣓ࢡࢱ࢖ࢺ㸫PEG 」ྜࢤࣝࡢ㞳Ỉ
ᢚไຠᯝࡢゎᯒ  
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⦆⾪ᾮࢆຍ࠼ࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࢆࠊFig.1 ࡟♧ࡋࡓ⿦⨨ࢆ⏝࠸࡚ࣞ࢜࢜ࣉ
ࢸ࢕ࢵࢡ ᐃࢆ⾜࠸ࠊPEG9 ࡜ PEG90 ࡀศᩓᾮࡢὶືᛶ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ẚ
㍑ࡋࡓࠋLAX ࡣࠊ➃㠃 OH ࡢ୍㒊ࡀࣇࢵ⣲࡟⨨ࡁ᥮ࢃࡗࡓᵓ㐀ࢆࡶࡕࠊྠࡌ⃰ᗘ
ࡢ LA ศᩓᾮ࡜ẚ㍑ࡍࡿ࡜ప⢓ᗘ࡛࠶ࡿࠋPEG9 ࢆྵࡴ SA ࡸ LA ศᩓᾮ㸦2wt%㸧
ࢆ୰ᛶ௜㏆࡟ㄪᩚࡍࡿ࡜ࠊὶືᛶࡢ࡞࠸ࢤࣝࢆᙧᡂࡋࠊ࠸ࡗࡓࢇࢩ࢙࢔ࢆຍ࠼ࡿ
࡜ᵓ㐀ࡀ◚ቯࡉࢀඖ࡟ᡠࡽ࡞࠸ࡓࡵࠊ࣓࣮ࣞ࢜ࢱ࣮࡛ ᐃࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠸ࠋ
୍᪉ LAX ศᩓᾮࡣࠊ༢⊂ศᩓᾮ㸦2wt%㸧࡛ࡣࢤࣝ࡟࡞ࡿࡀࠊPEG9 ௨ୖࡢศᏊ
㔞ࡢ PEG ࢆῧຍࡍࡿ࡜ὶືᛶࡢ࠶ࡿ㧗⢓ᗘศᩓᾮ࡜࡞ࡿࠋࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ
࡬ࡢ PEG9 ࡜ PEG90 ࡢῧຍຠᯝࢆẚ㍑ࡍࡿࡓࡵࠊࡇࢀࡽࡢὶືᛶ࠾ࡼࡧ」ᒅᢡ
ᛶࢆࣞ࢜࢜ࣉࢸ࢕ࢵࢡ ᐃ࡟ࡼࡾゎᯒࡋࡓࠋࢧࣥࣉࣝࡢฎ᪉ࢆ Table 5 ࡟♧ࡍࠋ
pH ㄪ〇๣࡜ࡋ࡚ࡣࢢࣜࢩࣝࢢࣜࢩࣥࢆ⏝࠸ࡓࠋ  
᫬㛫࡜࡜ࡶ࡟ᚎࠎ࡟୚࠼ࡿࡏࢇ᩿ᛂຊȫࢆ኱ࡁࡃࡋ࡞ࡀࡽ⬮ὀ 2 ࢧࣥࣉࣝࡢ⢓
ᗘ࡜」ᒅᢡᛶ࡜ࢆྠ᫬࡟ ᐃࡋࡓ⤖ᯝࢆ Fig.15 ࡟♧ࡍࠋࢢࣛࣇࡢᶓ㍈ࡣ᫬㛫ࠊ⦪
㍈࡟ࢧࣥࣉࣝࡢࡏࢇ᩿⢓ᗘ㸦Pa࣭s㸧࡜」ᒅᢡᛶ㸦Ǽ㹬ࠊ↓ḟඖ㸧ࢆ⾲ࡋ࡚࠸ࡿࠋ
ࡲࡓ㸪Fig.15 ࡛ࡣ༳ຍࡋࡓࡏࢇ᩿ᛂຊࡢ᫬㛫࡟ࡼࡿኚ໬ࡶ㔜ࡡ࡚⾲♧ࡋࡓ㸬」ᒅ
ᢡᛶࡢⓎ⌧ࡣࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚࡢ㓄ྥࢆ♧ࡋ࡚࠾ࡾࠊ್ࡀప࠸࡯࡝㸦ࢢࣛࣇ࡛ୗ
᪉࡬࠸ࡃ࡯࡝㸧LAX ⢏Ꮚࡢ㓄ྥ≧ែࡀ㧗ࡃ࡞ࡿࡇ࡜ࢆ♧ࡍࠋFig.15(a)࡟♧ࡍ PEG9
ࢆῧຍࡋࡓ LAX ศᩓᾮࡣ⣙ 50 ⛊࡛ᛴ⃭࡞⢓ᗘపୗ㸦㸻ࢤࣝࡢᔂቯ㸧ࡀⓎ⏕ࡍ
ࡿࠋࢤࣝࡢᔂቯ๓࡟」ᒅᢡࡀ࡯࡜ࢇ࡝ኚ໬࡞࠸ࡇ࡜࠿ࡽ⢏Ꮚࡢࢿࢵࢺ࣮࣡ࢡࡣ๛
┤࡛࡯࡜ࢇ࡝ኚᙧࡋ࡞࠸ࡇ࡜ࡀࢃ࠿ࡿࠋࢤࣝࡢᔂቯࡣ⁥ࡾ㠃ࡢⓎ⏕࠿ࡽࡣࡌࡲࡾ㸪
ࡑࡇ࠿ࡽ኱ࡁ࡞ࢤࣝࡢሢ࡟࡞ࡾ㸪ὶືࡀ㐍ࡴࡇ࡜࡛ᚤ⣽໬ࡋ࡚ప⢓ᗘ࡜࡞ࡿࠋ」
ᒅᢡࡣࢤࣝࡀሢ࡜ࡋ࡚㌿ࡀࡿࡼ࠺࡞ὶືࢆ♧ࡍ㝿࡟ࡣẚ㍑ⓗ㛗࿘ᮇ࡛኱ࡁࡃኚ
ືࡋࠊᚤ⣽໬࡜࡜ࡶ࡟ࣛࣥࢲ࣒࡞ኚື࡜࡞ࡿࠋὶື೵Ṇ㸦 105 ⛊㸧ᚋࡶ」ᒅᢡࡣ
ὶື୰࡜ྠࡌ್ࢆ⥔ᣢࡋࠊᔂቯࡋࡓᵓ㐀ࡀᛴ࡟ࡣᅇ᚟ࡋ࡞࠸ࡇ࡜ࡀࢃ࠿ࡿ୍ࠋ ᪉ࠊ
㞳Ỉᢚไຠᯝࡢ㧗࠿ࡗࡓ PEG90 ࢆῧຍࡋࡓ LAX ศᩓᾮ࡛ࡣࠊFig.15(b)࡟♧ࡍࡼ
࠺࡟⢓ᗘపୗࡀ 70 ⛊࡛Ⓨ⏕ࡍࡿࡢ࡟ᑐࡋ࡚ 40 ⛊ࡇࢁ࠿ࡽ」ᒅᢡᛶࡀୖ᪼ࡍࡿࠋ
ࡇࢀࡣࠊࡏࢇ᩿ᛂຊࡢቑຍ࡟ᑐࡋ࡚ LAX ⢏Ꮚࡢࢿࢵࢺ࣮࣡ࢡࡀቯࢀࡿࡇ࡜࡞ࡃ
ᙎᛶⓗ࡟ኚᙧࡋࠊࡇࢀ࡟కࡗ࡚⢏Ꮚࡀ㓄ྥࡍࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ70 ⛊ࢆ㉸࠼
ࡿ࡜⢓ᗘࡣῶᑡࡍࡿࡀ PEG9 ࢆῧຍࡋࡓࡶࡢࡢࡼ࠺࡞ᛴ⃭࡞పୗࡣ⏕ࡌ࡞࠸㸬ࡇ
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ࡢ࡜ࡁ」ᒅᢡᛶࡣ㛗࿘ᮇ࡛኱ࡁࡃୖୗ࡟ࡩࢀ࡚࠾ࡾࠊLAX ࡣࢤࣝࡢ኱ࡁ࡞ሢ࡜
ࡋ࡚㐠ືࡍࡿࠋὶືࡀ㐍ࡴ࡜⢓ᗘࡀపୗࡋ㸪ྠ᫬࡟」ᒅᢡᛶࡶᚎࠎ࡟ቑຍࡍࡿ㸬
ࡍ࡞ࢃࡕ㸪PEG ࡀὶື㓄ྥࡋ྾╔ࡋ࡚࠸ࡿ⢏Ꮚࡢ㓄ྥࡀಁ㐍ࡉࢀࡓ࡜⪃࠼ࡽࢀ
ࡿࠋࡏࢇ᩿ᛂຊࢆ೵Ṇࡍࡿ㸦105 ⛊㸧࡜」ᒅᢡࡣᛴ⃭࡟ࢮࣟ࡟㏆࡙ࡃࠋὶື࡟ࡼ
ࡾ㓄ྥࡋ࡚࠸ࡓ PEG ࡀ⦆࿴ࡋ࡚⢏Ꮚࢆࣛࣥࢲ࣒࡞≧ែ࡟ᛴᅇ᚟ࡉࡏࡓࡇ࡜ࢆ♧
ࡍࠋࡇࢀࡽࡢࡇ࡜࠿ࡽࠊ㧗ศᏊ PEG ࡀ Fig.16 ࡟♧ࡍࡼ࠺࡟⢏Ꮚྠኈࢆᯫᶫࡋࠊ
ᰂࡽ࠿࠸ࢿࢵࢺ࣮࣡ࢡࢆᙧᡂࡍࡿࡇ࡜࡛ࠊࢩ࢙࢔࡟ࡼࡿᛴ⃭࡞ᵓ㐀◚ቯࢆ⦆࿴ࡋࠊ
ࡲࡓᵓ㐀ࢆ▐᫬࡟ᅇ᚟ࡍࡿᙺ๭ࢆᯝࡓࡍࡇ࡜࡛ࠊ⤖ᯝ࡜ࡋ࡚㞳Ỉࢆᢚไࡋ࡚࠸ࡿ
࡜⪃࠼ࡽࢀࡓࠋ  
2-3-6. ྾╔㔞࡜ࢫࢣ࣮ࣝ࡟㛵ࡍࡿ⪃ᐹ  
 LA ࡬ࡢ㧗ศᏊ PEG ࡢ྾╔㔞࡟ࡘ࠸࡚ࠊศᏊ㔞ࡢᙳ㡪ࢆㄪ࡭ࡓᩥ⊩ 13 ࡟ࡼࡿ
࡜ࠊPEG ศᏊ㔞ࡀ㧗࠸࡯࡝྾╔㔞ࡣከࡃࠊ≉࡟ศᏊ㔞ᩘ୓௨ୗ࡛ࡣศᏊ㔞౫Ꮡࡀ
኱ࡁࡃࠊ㏫࡟ศᏊ㔞 100 ୓௨ୖ࡛ࡣ኱ࡁ࡞ኚ໬ࡣ࡞࠸ࠋࡲࡓ PEG ศᏊࡢ྾╔ᒙ
ࡣࠊLA ⢏Ꮚ⾲㠃࡛ࡣ 1.5nm ⛬ᗘ࡛ PEG ศᏊ㔞࡟ࡣ౫Ꮡࡏࡎࠊ࢚ࢵࢪ㒊ศࡢ྾╔
ᒙࡣᖹ㠃ࡼࡾࡶࡸࡸཌࡃ 2.5nm㹼4nm ࡛ PEG ศᏊ㔞ࡀ㧗ࡃ࡞ࡿ࡟ࡘࢀ࡚ཌࡃ࡞
ࡗ࡚࠸ࡃࠋ LA ࡜ LAX ࡬ࡢ PEG ྾╔ᣲືࡀྠࡌ࡛࠶ࡿ࡜௬ᐃࡋࠊࣞ࢜࢜ࣉࢸ
࢕ࢵࢡ ᐃ࡟࠾ࡅࡿ PEG90 ࡜ LAX ⢏Ꮚࡢ㔞ࡸศᏊ࡜⢏Ꮚࡢࢫࢣ࣮ࣝࢆලయⓗ
࡟⪃࠼ࡿࡓࡵ࡟ࠊPEG ࡢ LAX ⾲㠃࡬ࡢ྾╔㠃✚࡜ศᩓᾮ୰ࡢ LAX ⢏Ꮚ༨᭷య
✚࡟ࡘ࠸࡚ィ⟬ࢆ⾜ࡗࡓࠋ  
ඛ࡟㏙࡭ࡓᩥ⊩࡟ࡼࡿ࡜ࠊᮏ◊✲࡛⏝࠸ࡓ PEG90 ࡢ྾╔㔞ࡣ 0.6 ਺ /੉ 2 ࡛࠶
ࡿࠋLAX ⢏Ꮚࢆ⦪࣭ᶓ࣭ཌࡳ=30nm30nm1nm ࡢ┤᪉య࡜ࡳ࡞ࡋ࡚ィ⟬ࡍࡿ
࡜ࠊ5wt%ῧຍࡋࡓ PEG90 ࡢ࠺ࡕࡢ 20㹼25㸣⛬ᗘࡋ࠿⢏Ꮚ⾲㠃࡟ࡣ྾╔ࡋ࡚࠸
࡞࠸ࡇ࡜࡟࡞ࡿࠋࡲࡓࡑࡢ㝿ࠊPEG4000 ศᏊ 1 ಶࡀ LAX ⾲㠃࡟༨ࡵࡿ྾╔㠃✚
ࡣ 4nm ᅄ᪉࡛࠶ࡿ㸦Fig.16 (a)㸧ࠋ  
LAX ⢏Ꮚࡢ⾲㠃࡟྾╔ࡋࡓ PEG ࡢཌࡳࢆ⪃៖ࡍࡿ࡜ࠊ⢏Ꮚࡣ Fig.16(b)ࡢࡼ࠺
࡟ࠊ⦪࣭ᶓ࣭ཌࡳ=35nm35nm4nm ࡢయ✚ࢆᣢࡘࠋ⢏Ꮚࡣศᩓᾮ୰࡟ 2wt%ྵ
ࡲࢀࡿࡀࠊLAX ࡢẚ㔜ࢆ LA ࡜ྠࡌ 2.53g/੉ 3㸦࣓࣮࣮࢝᝟ሗ㸧࡜ࡍࡿ࡜ࠊPEG90
ࡀ྾╔ࡋࡓ LAX ⢏Ꮚࡣࠊ୍㎶ࡀ 48nm ࡢỈࡢ❧᪉యࡢ୰࡟ 1 ࡘධࡿ⛬ᗘ࡟Ꮡᅾ
ࡍࡿ㸦Fig.16 (c)㸧ࠋࢩ࢙࢔ࢆ࠿ࡅࡿ࡜ࡍࡄ࡟㞄ࡢ⢏Ꮚ࡜ゐࢀྜ࠺⛬ᗘ࡟ࡣ㏆᥋ࡋ
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࡚࠾ࡾࠊࡉࡽ࡟ከ㔞ࡢవ๫ PEG90 ࡀ⢏Ꮚࡢ࿘ᅖࢆྲྀࡾᅖࢇ࡛࠸ࡿᵝᏊࡀ࢖࣓࣮
ࢪ࡛ࡁࡿ㸦Fig.16 㸦d㸧㸧ࠋ  
2-4㸬⤖ゝ  
 ศᏊ㔞 4000 ௨ୖࡢ㧗ศᏊ PEG ࡣࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚ࡟྾╔ࡋࠊࢫ࣓ࢡࢱ࢖ࢺ⢏
Ꮚࡢ෌㓄ิ࡟క࠺࢚࣮ࢪࣥࢢ⌧㇟ࢆ㐜ࡽࡏࡓࠋప pH ⎔ቃୗ࡛ࡣࢫ࣓ࢡࢱ࢖ࢺ⢏
Ꮚ࠿ࡽࡢ࢖࢜ࣥ⁐ฟࡀㄆࡵࡽࢀࡿࡀࠊ㧗ศᏊ PEG ῧຍ࡟ࡼࡾ⁐ฟࡀⱝᖸᢚไࡉ
ࢀࡓࠋ㧗ศᏊ PEG ࡣ୰ᛶ௜㏆࡛ࡢࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚ࡝࠺ࡋࡢᐦ࡞ࢫࢱࢵࢡࢆᙅ
ࡵࠊࡺࡿࡃᯫᶫࡋ࡚⢓ᅵ㖔≀⢏Ꮚࡢᵓ㐀ኚ໬ࢆ⦆࿴ࡋࠊ㞳Ỉࢆᢚไࡋ࡚࠸ࡿ࡜⪃
࠼ࡽࢀࡓࠋࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊቑ⢓స⏝ࡢ࡞࠸ PEG ࡜ే⏝ࡍࡿࡇ࡜࡛ࠊࢫ࣓ࢡ
ࢱ࢖ࢺ⢏Ꮚࡢᚰᆅࡼ࠸ឤゐࢆᦆ࡞࠺ࡇ࡜࡞ࡃࠊỈ⣔ᇶ๣࡟࠾ࡅࡿࢤࣝ໬๣࡜ࡋ࡚
ࢫ࣓ࢡࢱ࢖ࢺࢆ฼⏝࡛ࡁࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋ  
 
⬮ὀ 1㸬SA ࡜ LA ࡢ⃰ᗘࡀ␗࡞ࡿࢧࣥࣉࣝࡢ⤖ᯝࢆ♧ࡋࡓࡢࡣࠊ2wt%ศᩓᾮࡣ
PEG ࢆຍ࠼࡚ࡶ㞳Ỉࡍࡿࢧࣥࣉࣝࡀከࡃࠊ⢓ᗘ ᐃࡀ⾜࠼࡞࠿ࡗࡓࡓࡵ࡛࠶ࡿࠋ  
⬮ὀ 2㸬 ᐃ᫬࡟୚࠼ࡿࡏࢇ᩿ᛂຊࡣࠊPEG9 ࡜ࡢΰྜศᩓᾮࡣᐇ㦂㛤ጞ࡜࡜ࡶ
࡟ 20Pa ࢆ༳ຍࡋ㸪ࡑࢀ࠿ࡽᚎࠎ࡟ቑຍࡋ࡚ 100 ⛊㛫࡛ 30Pa ࡟࡞ࡿࡼ࠺࡟ࡋࡓࠋ
PEG90 ࡜ࡢΰྜศᩓᾮ࡛ࡣࢮࣟ࠿ࡽ 10Pa ࡲ࡛ 100 ⛊㛫࡛ቑຍࡉࡏ࡚࠸ࡿࡓࡵ㸪
᫬㛫࠶ࡓࡾࡢࡏࢇ᩿ᛂຊࡢቑຍ⋡ࡣ୧⪅࡜ࡶྠࡌ࡛࠶ࡿ㸬PEG9 ࡜ࡢΰྜศᩓᾮ
ࡣ㝆అᛂຊࡀ㧗࠸ࡓࡵ࡟ࢫࢱ࣮ࢺࡢᛂຊࢆ 20Pa ࠿ࡽጞࡵࡓࠋ࡞࠾ Fig.15 ࡟࠾࠸
࡚ὶືࡣ 5 ⛊࠿ࡽࢫࢱ࣮ࢺࡋ࡚࠸ࡿࠋ  
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Fig.1  Rheo-Optical analyzer system 
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A :Homomixer 9000rpm 5min
B :Homomixer 9000rpm 60min
Clay 20                    
Deionized water 680
Mix A or B
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50Υ
Scheme 1
Deionized water      15
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PEG 20% solution  12.5 
Deionized water       2.5
25Υ
Dispersion               35
mix
1min
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Table 2 Molecular weight of PEGs
Material name Mw
PEG9 400
PEG23 1,000
PEG90 4,000
PEG250 11,000
PEG460 20,000
Table 1 Characteristic value of clay minerals 
Product name KunipiaG SmectonSA LaponiteXLG Laponite XL21
Abbreviation KU SA LA LAX
Company Kunimine.Ind Kunimine.Ind
Group Natural
montmorillonite
Synthesized
saponite
Synthetic
layerd silicate
Synthetic
layerd silicate
SiO2 61.30% 52.7 59.5 62.5
Al2O3 21.9 5.1 <0.1 <0.1
Fe2O3 2.2 <0.1 <0.1 <0.1
MgO 3.4 29.1 27.5 27.1
Na2O 4.1 4.0 2.8 2.3
F --- --- --- 3.0
CEC
(meq/100g)
114.3 71 55 107
Diameter (nm) 200 䡚300 50䡚100 20~30 40~60
BYK Additives & Instruments
Fig.2 Viscosity change of LA 2wt% dispersion prepared by different procedure 
(shown in schem1), 䕿; A, 䕕; B, filled points; samples stored at room 
temperature, open points; stored at 50 degree
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Fig.3 Birefringence of SA 2wt% dispersion
Between crossed polarizer, A; 0day, B; 6days, C; 14days after 
preparation
02000
4000
6000
8000
0 10 20 30
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A RT
B RT
Fig.4 Viscosity change of LA 2wt%+PEG 9 5wt% dispersion 
prepared by different procedure (shown in scheme1): 䕿; A, 䕕; B, 
open points; samples stored at room temperature, filled points; 
samples stored at 50 degree. Samples in dotted area have 
birefringence.
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Fig.5 Viscosity change of LA 2wt%+PEG 90 5wt% dispersion 
prepared by different procedure (shown in scheme1): 䕿; A, 䕕; 
B, open points; samples stored at room temperature, filled 
points; samples stored at 50 degree. Samples in dotted area have 
birefringence.
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Fig.6 Amplitude Sweep of LA 2wt% and LA 2wt%+PEG 5wt% 
dispersion (prepared by procedure A, measured 40 days after preparation, 
stored at room temperature)
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Fig.7 Amplitude Sweep of SA 2wt% and SA 2wt%+PEG90 
5wt% dispersion (prepared by procedure A, measured 40 days 
after preparation, stored at room temperature)
Strain (%)
Fig.8  Viscosity change of LA 1wt%+PEG 4wt% dispersion including 
0.03wt% of citric acid and 0.07wt% of sodium citrate. 
Formulation
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SA                2 wt%
PEG             5
Citric acid    0.03
Na citrate     0.07
Water         92.9
PEG 250
PEG 460
Fig.9  Viscosity change of  SA 2wt%+PEG 5wt% dispersion including 
0.03wt% of citric acid and 0.07wt% of sodium citrate.
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Table 3 pH change of clay-PEG mixtures
Clay
time 1d 1M 1d 1M
Control 5.98 8.63 6.02 9.4
PEG 9 5.76 8.18 5.88 7.78
PEG 23 5.9 7.94 6.12 8.05
PEG 90 6.08 8.65 6.04 8.12
PEG 460 5.96 8.44 6.1 8.11
SA LA
Fig.10  Appearances of the LA dispersion; LA 2wt%, PEG 5wt%, 
Citric acid 0 .03wt%, Sodium Citrate 0.07wt% (a) LA (b) LA + 
PEG9 (c) LA + PEG90 
(a) (b) (c)
44
(a) (b) (c) (d)
Fig.11  Appearances of the SA dispersion; SA 2wt%, PEG 5wt%, 
Citric acid 0 .03wt%, Sodium Citrate 0.07wt%; Appearances of (a) 
SA  (b) SA + PE90, between crossed polarizer; (c) SA +buffer, (d) 
SA + PE90 +buffer, phase separation occurred in sample a.
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3 days 2 weeks 3 days 2 weeks 3 days 2 weeks
4 3.5 5.7 0.1 0.2 0.0 0.0
6 3.8 5.4 0.1 0.1 0.0 0.0
KU 7 4.6 4.5 0.1 0.1 0.0 0.0
8 3.3 3.5 0.0 0.0 0.0 0.0
9 2.8 2.3 0.0 0.0 0.0 0.0
4 89 194 0.1 0.0 0.0 0.0
6 103 159 0.1 0.1 0.0 0.0
SA 7 53 83 0.1 0.0 0.0 0.0
8 14.4 21.1 0.0 0.0 0.0 0.0
9 3.9 9.0 0.0 0.0 0.0 0.0
4 87 249 0.0 0.0 0.0 0.0
6 105 223 0.0 0.0 0.0 0.0
LA 7 41 81 0.1 0.1 0.0 0.0
8 3.0 7.6 0.0 0.0 0.0 0.0
9 0.3 1.6 0.0 0.0 0.0 0.0
Table 4  Amound of cationic ion dissolution from 2wt% clay dispersions
with citric acid buffer ofᇫdifferent pH (ppm)
Clay pH
Mg Al Fe
Fig.12  pH alteration of (a) KU + buffer (b) SA + buffer 
(c) LA +buffer dispersions at 0 and 50 degree. All 
samples contains 1wt% clay.
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Fig.13 Dissolution of Mg ion from LA-PEG composites
Formulation
LA                  2 wt%
PEG               5
Citric acid  0.12
Na citrate   0.08
Water    92.8 
control
PEG 9
PEG 90
䡌H
control
PEG 9
PEG 90
Fig.14 pH alteration of LA-PEG dispersion
(formulation is the same as Fig.13)
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Fig.15   Rheo-Optic measurement flow chart; (a) 
LAX+PEG9+buffer (b) LAX+PEG90+buffer 
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1nm
30nm
Formula of dispersion
LAX 2wt% 
PEG90 5wt%
LAX particle
Thickness of adsorbed polymer =1.5nm
2.5nm
35nm
4nm
Single molecule PEG90 /3.8nm square
shear
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Fig.16 Schematic image of adsorbed PEG and LAX particle in water 
(a) single molecule of PEG4000 adsorbed on LAX (b) Adsorbed layer  
of PEG90 on LAX (c) single LAX-PEG90 particle in water (d) image 
of particles and excess PEG90 in water 
48nm
35nm
48nm
(a)
(b)
(c)
(d)
PEG90䡚
Fig.17   Schematic image of (a) clay and (b) clay-PEG 
network in water 
(a) (b)
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Table5  Formulation for Rheo-optic measurement 
A B
LAX 1.6 1.6
PEGᇫ9 5 -
PEG 90 - 5
Glycylglycine 0.48 0.48
Preservative 0.3 0.3
Ion exchanged water 92.62 92.62
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3 ❶  ሷ࠾ࡼࡧ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࢆྵࡴࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ⢓ᗘኚ໬࡜ங
໬⬟࡟㛵ࡍࡿ◊✲  
 
3-1㸬⥴ゝ  
ங໬ࡣ᪥ᖖ⏕άࡢᵝࠎ࡞ሙ㠃ࠊ౛࠼ࡤ᪥⏝ရࡸ໬⢝ရࠊ་⸆ရࠊ㣗ရࠊ་⸆ရ
࡟࠾࠸࡚฼⏝ࡉࢀ࡚࠸ࡿࠋ࢚࣐ࣝࢩࣙࣥ࡜ࡣࠊΰࡌࡾྜࢃ࡞࠸஧✀ࡢᾮయ࡟࠾࠸
࡚ࠊ∦᪉ࡢᾮయࡀࡶ࠺∦᪉ࡢᾮయ୰࡟⣽࠿ࡃศᩓࡉࢀࡓ≧ែࢆ♧ࡋࠊ㏻ᖖ୧᪉ࡢ
ᾮయ㸦኱᢬ࡢሙྜࡣἜ࡜Ỉ㸧࡟ぶ࿴ᛶࡢ࠶ࡿࠊ⏺㠃άᛶ๣ࢆ⏝࠸࡚ㄪ〇ࡉࢀࡿࠋ
ࡋ࠿ࡋ࡞ࡀࡽࠊ⎔ቃ㠃㸦⏕ศゎᛶ㸧ࡸேయ࡬ࡢᏳ඲㠃࡟࠾࠸࡚ࠊ⏺㠃άᛶ๣࡟ᑐ
ࡍࡿᝏ࠸࢖࣓࣮ࢪࢆࡶࡘேࡀᑡ࡞࠿ࡽࡎᏑᅾࡋࠊࡑࡢࡓࡵ⏺㠃άᛶ๣ࣇ࣮ࣜ〇๣
ࡢ㛤Ⓨࡀࡉ࠿ࢇ࡟⾜ࢃࢀ࡚࠸ࡿࠋࡑࡢ୍ࡘࡢᡭẁ࡜ࡋ࡚ࠊࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩ
ࣙࣥᢏ⾡ࡀ࠶ࡿࠋ  
ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥ㸦Pickering Emulsion㸧࡜ࡣࠊᅛయ⢏ᏊࡀἜỈ࡞࡝ࡢ
ᾮ㸫ᾮࠊ࠶ࡿ࠸ࡣẼ㸫ᾮ⏺㠃࡟྾╔ࡋࠊᏳᐃ໬ࡉࢀࡓ࢚࣐ࣝࢩࣙࣥࡢࡇ࡜ࢆ࡜࠸
࠺ࠋྡ๓ࡢ⏤᮶࡛࠶ࡿ Pickering ࡀࠊぶỈᛶࡢᅛయ⢏ᏊࡀἜỈ⏺㠃࡟྾╔ࡋࠊ࠶
ࡓ࠿ࡶ⏺㠃άᛶ๣ࡢࡼ࠺࡟࢚࣐ࣝࢩࣙࣥࢆᏳᐃ໬ࡍࡿ⌧㇟ࢆ 1907 ᖺ࡟ሗ࿌ 1 ࡋ
࡚࠿ࡽ㸦ᐇ㝿࡟ᅛయ⢏Ꮚࡢங໬Ᏻᐃ໬ࠊཬࡧẼἻᏳᐃ໬ࢆึࡵ࡚ሗ࿌ࡋࡓࡢࡣ
Ramsden ࡛࠶ࡿ 2㸧100 ᖺ௨ୖࡀ⤒㐣ࡍࡿࡀࠊࢼࣀ⢏Ꮚ࡟㛵ࡍࡿ◊✲ࣈ࣮࣒࡟ࡼ
ࡾࠊ⢭ຊⓗ࡟◊✲ࡉࢀࡿࡼ࠺࡟࡞ࡗࡓࡢࡣ 1990 ᖺ௨㝆ࡢࡇ࡜࡛࠶ࡿࠋ  
ங໬๣࡜ࡋ࡚ࡣᵝࠎ࡞⢏Ꮚࢆ⏝࠸ࡓ◊✲ࡀ࠶ࡾࠊ㔠ᒓ㓟໬≀ࡸ⢓ᅵ㖔≀ࠊ࣮࢝
࣎ࣥࣈࣛࢵࢡ࡞࡝ࡣࡈࡃึᮇࡢ◊✲࠿ࡽⓏሙࡋ࡚࠸ࡓ 1-3ࠋ↓ᶵ⢏Ꮚࡢ௚࡟ࡶࠊ
࣏ࣜࢫࢳࣞࣥ 4,5 ࡸ࣏ࣜ㸦N-࣏ࣜ࢖ࢯࣉࣟࣆࣝ࢔ࢡࣜࣝ࢔࣑ࢻ㸧㸦PNIPAM㸧ࡢ࣑
ࢡࣟࢤࣝࢆ⏝࠸ࡓ่⃭ᛂ⟅ᛶࡢ࢚࣐ࣝࢩࣙࣥ 6࡞࡝  ࡀሗ࿌ࡉࢀ࡚࠸ࡿࠋ  
୍᪉ࠊࢫ࣓ࢡࢱ࢖ࢺࢆ⏝࠸ࡓங໬࡟↔Ⅼࢆ࠶࡚࡚ࡳࡿ࡜ࠊࢫ࣓ࢡࢱ࢖ࢺ༢⊂
࡛Ᏻᐃ࡞ங໬≀ࢆㄪ〇ࡋࡓሗ࿌ 7ࡣ㠀ᖖ࡟ᑡ࡞ࡃࠊࢫ࣓ࢡࢱ࢖ࢺ࡜⏺㠃άᛶ๣࡜
ࡢඹᏑ⣔ 8-10 ࡸࠊ࣍ࢫࢺ㸫ࢤࢫࢺࡢ㟁Ⲵࡀ஫࠸࡟㏫࡛࠶ࡿᒙ≧」Ỉ໬ྜ≀
㸦Layered double hydroxide, LDH㸧࡜ࢫ࣓ࢡࢱ࢖ࢺ࡜ࡢඹᏑ⣔ 11)ࠊࡲࡓࢱࣥࣃࢡ
㉁ 12,13 ࠶ࡿ࠸ࡣ␯Ỉᛶ≀㉁ 14 ࡜ࡢ」ྜయࢆᙧᡂࡉࡏ࡚Ᏻᐃ࡞ங໬≀ࡀㄪ〇ࡉࢀ
ࡿ࡜࠸࠺ሗ࿌ࡀ࠶ࡿࠋࡲࡓࠊሷࡢῧຍ࡟ࡼࡾሷࢆ඲ࡃྵࡲ࡞࠸࡜ࡁ࡜ẚ㍑ࡋ࡚Ᏻ
ᐃ࡞࢚࣐ࣝࢩࣙࣥࡀㄪ〇ࡉࢀࡿ࡜࠸࠺ሗ࿌ࡶ࠶ࡿ 14ࠋ  
ᅛయ⢏Ꮚ࡟ࡼࡾᏳᐃ໬ࡉࢀࡓங໬≀࡟ࡘ࠸࡚ࡣࠊࡇࢀࡲ࡛ࡢ◊✲ 15-19࠿ࡽ 1)
⢊ᮎࡀぶ␯Ỉᛶࢆ᭷ࡍࡿࡇ࡜ࡀࠊங໬ࡢᏳᐃ໬࡟㠀ᖖ࡟㔜せ࡛࠶ࡿࡇ࡜ࠊ2㸧⏺
㠃άᛶ๣⣔࡜ྠᵝ࡟ࠊࡼࡃ⃿ࢀࡿ⁐፹┦ࡀ㏻ᖖእ┦࡜࡞ࡿࡀࠊ࡝ࡕࡽࡀእ┦࡟࡞
ࡿ࠿ࡣ┦ẚ࡟ࡼࡗ࡚ࡶኚࢃࡾ࠼ࡿࡇ࡜ࠊ 3) ங໬⢏Ꮚᚄࡣ⢊ᮎᚄࡼࡾࡶᑠࡉࡃ࡞
ࡽ࡞࠸ࡇ࡜ࠊ4㸧ங໬ࡢᏳᐃ໬࡟ࡣ⢊ᮎྠኈࡢ┦஫స⏝ࡀ㔜せ࡛ࠊ⢊ᮎࡀࡸࡸจ
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㞟ࡋࡓ≧ែࡢ࡯࠺ࡀᏳᐃ࡞ࡇ࡜ࠊࡀࢃ࠿ࡗ࡚࠸ࡿࠋࢫ࣓ࢡࢱ࢖ࢺ༢⊂࡛Ᏻᐃ࡞ங
໬≀ࢆㄪ〇ࡍࡿࡢࡀᅔ㞴࡛࠶ࡿࡢࡣࠊぶỈᛶࡀ㧗ࡃỈ࡬ࡢศᩓᛶࡀ㧗࠸ࡓࡵ࡛࠶
ࡿࠋᚑࡗ࡚ୖࠊ グࡢ౛ࡢࡼ࠺࡟ࠊ␯Ỉᛶ≀㉁ࢆࢫ࣓ࢡࢱ࢖ࢺ⾲㠃࡟྾╔ࡉࡏࡓࡾࠊ
㟁Ⲵ㐽ⶸ࡟ࡼࡾ⬺Ỉ࿴ࡋࡓࡾࡍࡿࡇ࡜࡛ࠊࢫ࣓ࢡࢱ࢖ࢺࢆỈ୰࡛࠶ࡿ⛬ᗘจ㞟ࡉ
ࡏࡿࡇ࡜ࡀங໬≀ࡢㄪ〇࡟ࡣ᭷⏝࡛࠶ࡿࠋ  
㏻ᖖ O/W ᆺ㸦oil in water type:Ỉ୰Ἔᆺ㸧໬⢝ရࡣࠊங໬๣࡜ࡋ࡚⏺㠃άᛶ๣ࠊ
ቑ⢓๣࡜ࡋ࡚Ỉ⁐ᛶ㧗ศᏊࢆ㓄ྜࡍࡿࠋࡋ࠿ࡋࠊ⏺㠃άᛶ๣ࡢ࡭ࡓࡘࡁࡸࠊỈ⁐
ᛶ㧗ศᏊࡢࡠࡵࡾ࡞࡝ࡣࠊ໬⢝ရࡢሬᕸ᫬ࡢឤゐࢆᦆ࡞࠸ࠊᾘ㈝⪅࡟᎘ࢃࢀࡿࡇ
࡜ࡶࡋࡤࡋࡤ࠶ࡿࠋࢫ࣓ࢡࢱ࢖ࢺࡣᯈ≧ࡢ⢏Ꮚ࡛࠶ࡿࡓࡵࠊ⫙࡟ሬᕸࡋ஝⇱ࡉࡏ
ࡿ࡜ࡉࡽࡉࡽ࡜ࡋࡓឤゐࢆ᭷ࡋࠊࡉࡽ࡟ࢫ࣓ࢡࢱ࢖ࢺࢤࣝࡣࠊỗ⏝ࡢỈ⁐ᛶቑ⢓
๣ࡢࡼ࠺࡞ࡠࡵࡾࡀ࡞࠸ࠋࢫ࣓ࢡࢱ࢖ࢺࢆங໬๣࠾ࡼࡧቑ⢓๣࡜ࡋ࡚⏝࠸࡚Ᏻᐃ
࡞ங໬≀ࢆㄪ〇࡛ࡁࢀࡤࠊᚑ᮶࡟࡞࠸ឤゐࡢ໬⢝ရࡀᚓࡽࢀࡿ࡜⪃࠼ࡽࢀࡿࠋ  
ᮏ◊✲࡛ࡣࠊ᭱ࡶ⡆༢࡟ࢫ࣓ࢡࢱ࢖ࢺࡢங໬⬟ࢆྥୖࡉࡏࡿࡇ࡜ࡀ࡛ࡁࡿሷ
ࢆ㓄ྜࡋࠊࢫ࣓ࢡࢱ࢖ࢺ࡟ࡼࡿࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥࡢㄪ〇ࢆヨࡳࡓࠋࡑࡢ
୰࡛ࠊࡲࡎ✀ࠎࡢࢫ࣓ࢡࢱ࢖ࢺࢆ⏝࠸ࠊሷ⃰ᗘ࡟ࡼࡿࢫ࣓ࢡࢱ࢖ࢺࡢங໬ᛶࡢኚ
໬ࢆㄪ࡭ࡓ⤖ᯝࢆ♧ࡍࠋḟ࡟ࠊሷࢆከ㔞࡟㓄ྜࡋࡓ⣔࡟࠾࠸࡚ࡶࢫ࣓ࢡࢱ࢖ࢺࡀ
ቑ⢓ᶵ⬟ࢆኻࢃࡎࠊ࠿ࡘங໬⬟ࢆ᭷ࡍࡿࡼ࠺࡟ࠊ✀ࠎࡢ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ࡜ࡢ
」ྜయࡢቑ⢓ᶵ⬟࡜ங໬⬟࡟ࡘ࠸࡚ㄪ࡭ࡓ⤖ᯝ࡟ࡘ࠸࡚ሗ࿌ࡍࡿࠋ  
 
3-2㸬ᐇ㦂᪉ἲ  
3-2-1. ཎᩱ  
ࢫ࣓ࢡࢱ࢖ࢺ࡜ࡋ࡚ࡣࠊኳ↛ࡢࣔࣥࣔࣜࣟࢼ࢖ࢺ࡛࠶ࡿࢡࢽࣆ࢔ F㸦ࢡࢽ࣑ࢿᕤ
ᴗࠊ௨ୗ KU ࡜グ㍕㸧ࠊྜᡂࢧ࣏ࢼ࢖ࢺ࡛࠶ࡿࢫ࣓ࢡࢺࣥ SA㸦ࢡࢽ࣑ࢿᕤᴗࠊ௨
ୗ SA ࡜グ㍕㸧ࠊྜᡂ࣊ࢡࢺࣛ࢖ࢺ࡛࠶ࡿ XLG㸦BYK Additives & Instrumentsࠊ௨
ୗ LA ࡜グ㍕㸧ࢆ⏝࠸ࡓࠋࡑࢀࡒࢀࡢ⤌ᡂ࡜≉ᛶ್ࡣ 2 ❶ࡢ Table1 ࡟♧ࡋࡓࠋࡲ
ࡓࠊ⏝࠸ࡓ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࢆ Table1 ࡟♧ࡋࡓࠋ࢝ࢳ࢜ࣥ໬ᗘ㸦Nc㸧ࡣࠊ࣏
࣐࣮ࣜᵓ㐀ࡢ୰࡛ 4 ⣭࢔࣑ࣥᇶࢆ᭷ࡍࡿᵓᡂศᏊࡢࣔࣝศ⋡㸦㸣㸧ࢆ♧ࡍࠋࡇࢀ
ࡽࡢཎᩱ࡟ࡘ࠸࡚ࡣ໬⢝ရཎᩱ࡜ࡋ࡚ࡢᕷ㈍ရࢆࠊὙίࠊ⢭〇࡞࡝ࡢᕤ⛬ࢆ⤒ࡎࠊ
ࡑࡢࡲࡲ⏝࠸ࡓࠋῧຍሷ࡜ࡋ࡚ࡣࠊሷ໬ࢼࢺ࣒ࣜ࢘࠾ࡼࡧሷ໬࣐ࢢࢿࢩ࣒࢘㸦࠸
ࡎࢀࡶヨ⸆୍⣭ࠊ࿴ග⣧⸆㸧ࢆ⏝࠸ࡓࠋ  
3-2-2. ࢧࣥࣉࣝࡢㄪ〇᪉ἲ  
ࡲࡎࠊ680g ࡢ࢖࢜ࣥ஺᥮Ỉࢆప㏿᧠ᢾࡋ࡞ࡀࡽ 20㹥ࡢࢫ࣓ࢡࢱ࢖ࢺࢆᚎࠎ࡟
ῧຍࠊ඲㔞ῧຍࡋࡓࡢࡕ࡟࣑࣍ࣔ࢟ࢧ࣮㸦TK ࣑࣍ࣔ࢟ࢧ࣮ࠊ≉Ṧᶵ໬㸧ࢆ⏝࠸
࡚ᅇ㌿ᩘ 6000rpm ࡛ 10 ศ㛫᧠ᢾࡋࠊࢫ࣓ࢡࢱ࢖ࢺࡢศᩓᾮࢆㄪ〇ࡋࡓࠋࡇࡢࢫ
࣓ࢡࢱ࢖ࢺศᩓᾮࢆ඲࡚ࡢࢧࣥࣉࣝ࡟⏝࠸ࡓࠋ࣏࣐࣮ࣜࢆྵࡲ࡞࠸ࢫ࣓ࢡࢱ࢖ࢺ
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ศᩓᾮࡣࠊୖグࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ࡜ 10wt%ࡢሷỈ⁐ᾮࠊ࠾ࡼࡧ࢖࢜ࣥ஺᥮Ỉࢆ
ᡤᐃࡢ⃰ᗘ࡜࡞ࡿࡼ࠺࡟ 50ml ࢫࢡ࣮ࣜࣗ⟶࡟ຍ࠼ࠊ࣑࣍ࣔ࢟ࢧ 㸦࣮࣏ࣜࢺࣟࣥࠊ
KINEMATICA㸧ࢆ⏝࠸ࠊᅇ㌿ᩘ 10000rpm ࡛ 1 ศ㛫᧠ᢾࡋ࡚ㄪ〇ࡋࡓࠋࢫ࣓ࢡࢱ
࢖ࢺ࡜࣏࣐࣮ࣜ࡜ࡢΰྜᾮࡣࠊㄪ〇ࡋ࡚ 1 㐌㛫௨ୖ⤒㐣ࡋࡓୖグࢫ࣓ࢡࢱ࢖ࢺศ
ᩓᾮ࡜ࠊㄪ〇ࡋ࡚ 1 ᫨ኪ㟼⨨ࡋࡓ࣏࣐࣮ࣜ20wt%Ỉ⁐ᾮࠊ࠾ࡼࡧ࢖࢜ࣥ஺᥮Ỉࢆ
ᡤᐃࡢ⃰ᗘ࡜࡞ࡿࡼ࠺ 50ml ࢫࢡ࣮ࣜࣗ⟶ෆ࡛ᆒ୍࡟࡞ࡿࡲ࡛࣏ࣜࢺ࡛ࣟࣥΰྜ
ࡋ࡚ㄪ〇ࡋࡓࠋሷࢆྵࡴࢫ࣓ࢡࢱ࢖ࢺ㸫࣏࣐࣮ࣜᾮࡣࠊୖグࡢ᪉ἲ࡛ணࡵΰྜࡋ
ࡓࢫ࣓ࢡࢱ࢖ࢺ㸫࣏࣐࣮ࣜᾮ࡟ 20wt%ࡢሷỈ⁐ᾮࢆຍ࠼࡚ࠊ50ml ࢫࢡ࣮ࣜࣗ⟶
ෆ࡛ᆒ୍࡟࡞ࡿࡲ࡛࣏ࣜࢺ࡛ࣟࣥ᧠ᢾࡋ࡚ㄪ〇ࡋࡓࠋ࢚࣐ࣝࢩࣙࣥࡣࠊࡑࢀࡒࢀ
ࢆᡤᐃࡢ⃰ᗘ࡜࡞ࡿࡼ࠺ΰྜࡋࠊ50ml ࢫࢡ࣮ࣜࣗ⟶ෆ࡛࣏ࣜࢺࣟࣥࢆ⏝࠸ࠊᅇ
㌿ᩘ 10000rpm ࡛ 1 ศ㛫᧠ᢾࡋ࡚ㄪ〇ࡋࡓࠋ  
3-2-3. ⢓ᗘ ᐃ᪉ἲ  
ࢤࣝ࠾ࡼࡧங໬≀ࡢ⢓ᗘ ᐃࡣ Brookfield ᆺ⢓ᗘィ㸦ࣅࢫ࣓ࢺࣟࣥࠊⰪᾆࢩࢫ
ࢸ࣒㸧ࢆ⏝࠸ࠊ࣮ࣟࢱ࣮No.3ࠊᅇ㌿ᩘ 12rpm ࡛⾜࠸ࠊྛ ᗘ࡟ಖᏑࡋࡓࢧࣥࣉࣝ
ࢆ 25Υ࡟࡚ ᐃࡋࡓࠋ࢝ࢳ࢜ࣥ໬࣏࣐࣮ࣜỈ⁐ᾮࡢ⢓ᗘࡣ⮬ື࣐࢖ࢡࣟ⢓ᗘィ
㸦AMVnࠊAnton Parr㸧ࢆ⏝࠸࡚ ᐃࡋࡓࠋ  
3-2-4. 㢧ᚤ㙾ほᐹ᪉ἲ  
 ங໬⢏ᏊࡢගᏛ㢧ᚤ㙾ほᐹࡣ OLYMPUSBX-60 ࢆ⏝࠸ࠊࢫࣛ࢖ࢻ࢞ࣛࢫୖ࡛࢖
࢜ࣥ஺᥮Ỉ࡟࡚ 10 ಸ⛬ᗘ࡟ᕼ㔘ࡋ࡚⾜ࡗࡓࠋSEM ほᐹࡣ KEYENCE VE-8800
ࢆ⏝࠸ࠊసື㊥㞳⣙ 9mmࠊⲴ㟁ᅽ 1.7K V ࡟࡚⾜ࡗࡓࠋヨᩱࡣࠊ࢔࣑ࣝ〇ヨᩱྎ
࡟┤᥋ሬᕸࡋࠊᐊ ࡟࡚⮬↛஝⇱ࡉࡏ࡚ほᐹࡋࡓࠋ  
 
3-3㸬⤖ᯝ࠾ࡼࡧ⪃ᐹ  
3-3-1. ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ࡬ࡢሷῧຍ࡜ங໬≧ែ  
␗࡞ࡿ⃰ᗘࡢ  NaCl ࢆຍ࠼ࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ⢓ᗘࢆࠊㄪ〇 1 ᪥ᚋ࡟ B ᆺ
⢓ᗘィࢆ⏝࠸࡚ ᐃࡋࡓ㸦Fig.1㸧ࠋࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡣࠊሷ⃰ᗘࡀቑຍࡍࡿ࡟
ࡘࢀࠊࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚ㛫ࡢ㟁Ⲵ཯Ⓨࡀ࡞ࡃ࡞ࡾᵓ㐀ᙧᡂࡍࡿࡇ࡜࡛ቑ⢓ࡋࡓࡀࠊ
ࡉࡽ࡟ሷ⃰ᗘࡀቑຍࡍࡿ࡜⢏Ꮚྠኈࡢจ㞟࡟ࡼࡾࠊ⢓ᗘࡣᛴ⃭࡟ῶᑡࡋࡓࠋᴟ኱
⢓ᗘࡣࢫ࣓ࢡࢱ࢖ࢺࡢ✀㢮࡟ࡼࡗ࡚␗࡞ࡾࠊKUࠊSAࠊLA ศᩓᾮࡢ㡰ࠊࡍ࡞ࢃࡕ
ࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚᚄࡀᑠࡉ࠸࡯࡝ᴟ኱⢓ᗘࡣ㧗࠿ࡗࡓࠋᴟ኱⢓ᗘࢆ♧ࡍ⃰ᗘ࡟࠾
࠸࡚ࠊㄪ〇 1 㐌㛫ᚋࡢ KU ศᩓᾮࡣὶືᛶࢆ᭷ࡋ࡚࠸ࡓࡀࠊSA ࠾ࡼࡧ LA ศᩓ
ᾮࡣࢤࣝ໬ࡋࠊὶືᛶࡀぢࡽࢀ࡞࠿ࡗࡓࠋ⢓ᗘᴟ኱࡜࡞ࡿሷ⃰ᗘࡣࠊKU ศᩓᾮ
࡛ࡣ 0.7wt%ࠊSA ศᩓᾮ࡛ࡣ 0.05wt%ࠊLA ศᩓᾮ࡛ࡣ 0.1wt%࡛࠶ࡾࠊࢫ࣓ࢡࢱ
࢖ࢺࡢ⢏ᚄࡸ㝧࢖࢜ࣥ஺᥮ᐜ㔞㸦CEC㸧࡜ࡣ┦㛵ࡀࡳࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡽࡢࢫ
࣓ࢡࢱ࢖ࢺศᩓᾮࢆ SEM ࡢほᐹྎ࡟ሬᕸࡋࠊᐊ ࡟࡚⮬↛஝⇱ࡉࡏ࡚ほᐹࡋࡓ
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≧ែࢆ Fig.2 ࡟♧ࡍࠋNaCl ࡢῧຍ࡟ࡼࡾ⢏Ꮚࡀจ㞟ࡋ࡚࠾ࡾࠊ≉࡟ LA ࡛㢧ⴭ࡛
࠶ࡗࡓࠋ  
NaCl ῧຍ㔞ࢆኚ࠼ࡓ LA3wt%ศᩓᾮࡢእほ࡜ࠊࡇࢀࡽࡢศᩓᾮ࡜➼㔞ࡢὶື
ࣃࣛࣇ࢕ࣥࢆຍ࠼࡚㸦LA㸹1.5wt%ࠊὶືࣃࣛࣇ࢕ࣥ 50wt%㸧ங໬ࡋࡓ࡜ࡁࡢእ
ほࢆࠊࡑࢀࡒࢀ Fig.3 ࡟♧ࡍࠋங໬≀ࡣ඲࡚Ỉ୰࡟Ἔ⁲ࡀศᩓࡉࢀࡓ O/W ᆺ࡛࠶
ࡗࡓࠋỈ୰࡛ࡢሷ⃰ᗘࡀ 0.01wt%ࡲ࡛ࡣ LA ࡣศᩓ≧ែࢆಖࡗ࡚࠾ࡾศᩓᾮࡣ㏱
࡛᫂࠶ࡗࡓࠋࡇࢀࡽࡢศᩓᾮ࡟ὶືࣃࣛࣇ࢕ࣥࢆຍ࠼࡚ㄪ〇ࡋࡓ࢚࣐ࣝࢩࣙࣥࡣ
ங໬┤ᚋ࡟ங໬⢏Ꮚࡀྜ୍ࠊỈ┦࡜Ἔ┦࡜࡟ศ㞳ࡋࡓࠋሷ⃰ᗘ 0.05wt%ࡢศᩓᾮ
ࡣ༙㏱࡛᫂࠶ࡾࠊ⢏Ꮚᚄࡢ⢒኱࡞ங໬≀ࡀㄪ〇ࡉࢀࡓࠋሷ⃰ᗘ 0.1wt㸣࡛ࡣࠊእ
ほࡣሷ⃰ᗘ 0.05wt㸣ࡢ㝿࡜኱ࡁࡃኚࢃࡽࡎ༙㏱࡛᫂࠶ࡗࡓࡀࠊᏳᐃ࡞ங໬≀ࡀㄪ
〇ࡉࢀࡓࠋሷ⃰ᗘ 1wt㸣࠾ࡼࡧ 2wt%࡛ࡣ LA ࡣจ㞟ࡋࠊ┦ศ㞳ࢆ㉳ࡇࡋࡓࡀࠊᏳ
ᐃ࡞ங໬≀ࡀㄪ〇ࡉࢀࡓࠋሷ⃰ᗘ 5wt%௨ୖ࡛ࡣ LA ࡣỿẊࡋࠊ⢒኱࡞ங໬⢏Ꮚ
ᚄࢆࡶࡘங໬≀ࡣㄪ〇ࡉࢀࡓࡀࠊἜ⁲ࡀୖ㒊࡟ᾋୖࡋ୙ᆒ୍࡜࡞ࡿࢡ࣮࣑ࣜࣥࢢ
ࡀ⏕ࡌࡓࠋLA ࡀᙅࡃจ㞟ࡍࡿሷ⃰ᗘ࡛Ⰻዲ࡞ங໬≀ࡀㄪ〇ࡉࢀࡿ࡜࠸࠺⌧㇟ࡣ
㸰౯ሷ㸦MgCl2㸧ࡢῧຍ࡛ࡶྠᵝ࡛࠶ࡗࡓ㸦Fig.4㸧ࠋሷࢆྵࡲ࡞࠸Ỉ୰࡛ࡣࠊLA
⢏ᏊࡣỈ࡜ࡢぶ࿴ᛶࡀ㧗ࡃࡼࡃศᩓࡉࢀἜỈ⏺㠃࡬ࡢ྾╔ࡀ࠾ࡇࡾ࡟ࡃ࠸ࡀࠊሷ
ῧຍ࡟ࡼࡾจ㞟ࡋぶỈᛶࡀపୗ㸦␯Ỉ໬㸧ࡍࡿ࡜ἜỈ⏺㠃࡬྾╔ࡋࡸࡍࡃ࡞ࡾᏳ
ᐃ࡞ங໬≀ࢆㄪ〇ྍ⬟࡜࡞ࡿࠋࡍ࡞ࢃࡕࠊὶືࣃࣛࣇ࢕ࣥࢆங໬ࡍࡿࡢ࡟㐺ࡋࡓ
ぶ␯Ỉᛶࢆ᭷ࡋࡓ LA ⢏Ꮚࡣࠊ࠶ࡿ⛬ᗘࡢ኱ࡁࡉࡢจ㞟యࢆỈ୰࡛ᙧᡂࡍࡿࡇ࡜
ࢆ♧ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋ  
SAࠊKU ࡟࠾࠸࡚ࡶྠᵝ࡟ NaCl ⃰ᗘࢆኚ࠼ࠊங໬≀ㄪ〇ࢆヨࡳࡓ⤖ᯝࢆẚ㍑
ࡋࠊTable 3 ࡟♧ࡍ㸦ࢫ࣓ࢡࢱ࢖ࢺ 1.5wt%ࠊὶືࣃࣛࣇ࢕ࣥ 50wt%㸧ࠋ࠸ࡎࢀࡶሷ
ῧຍ࡟ࡼࡾங໬ᛶࡣྥୖࡋࡓࡀࠊLA ࢆྵࡴ⣔࡛ࡢࡳங໬⢏Ꮚᚄࡀᚤ⣽࡞㸦30ȣ
m ⛬ᗘ㸧ங໬≀ࡀㄪ〇ࡉࢀࠊKUࠊSA ࢆྵࡴ⣔࡛ࡣࠊ100ȣm ௨ୖࡢ⢒኱࡞ங໬
⢏Ꮚࡋ࠿ㄪ〇ࡉࢀ࡞࠿ࡗࡓࠋLA ࡟ࡼࡿங໬≀ࡢගᏛ㢧ᚤ㙾෗┿ࢆ Fig.5 ࡟♧ࡍࠋ
ங໬⢏Ꮚᚄࡣங໬๣࡛࠶ࡿࢫ࣓ࢡࢱ࢖ࢺจ㞟యࡢ኱ࡁࡉ࡟࠶ࡿ⛬ᗘ౫Ꮡࡍࡿࡓ
ࡵࠊᖹᆒ⢏Ꮚᚄࡀᩘȣm ௨ୖࡢࢫ࣓ࢡࢱ࢖ࢺ࡛ࡣࠊ100ȣm ࡼࡾࡶᑠࡉ࠸ங໬⢏
Ꮚࡀㄪ〇࡛ࡁ࡞࠿ࡗࡓ࡜⪃࠼ࡽࢀࡿࠋ࠸ࡎࢀࡢங໬≀ࡶ⤒᫬࡛Ἔᾋࡁ࡞࡝ࡢ⌧㇟
ࡣぢࡽࢀࡎࠊࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚ࡟ࡼࡿᙉᅛ࡞⏺㠃⭷ࡀᙧᡂࡉࢀ࡚࠸ࡿ࡜⪃࠼ࡽࢀ
ࡓࠋ  
ሷࢆ 3wt%௨ୖྵࡴศᩓᾮࡣࠊࢫ࣓ࢡࢱ࢖ࢺࡀỿẊࡋศᩓᾮࡣ᏶඲࡟⢓ᗘࢆኻ
࠸ࠊங໬≀ࡣㄪ〇࡛ࡁࡓࡀࢡ࣮࣑ࣜࣥࢢࡋࡓࠋ໬⢝ရ࡟࠾࠸࡚ࡣࠊሷᆺࡢ⸆๣ࢆ
ከ㔞࡟㓄ྜࡍࡿࡇ࡜ࡶࡋࡤࡋࡤ࠶ࡿࡓࡵࠊሷࢆ 3wt%௨ୖ㓄ྜࡋ࡚ࡶቑ⢓ᶵ⬟ࢆ
ኻࢃ࡞࠸ࡼ࠺࡞ᇶ๣ࡢㄪ〇ࢆࡵࡊࡋࠊḟ࡟ࢫ࣓ࢡࢱ࢖ࢺ࡜࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ࡜
ࡢ」ྜయ࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋ  
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3-3-2. ࢫ࣓ࢡࢱ࢖ࢺ㸫࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ」ྜయ࡟ࡼࡿங໬  
ࢫ࣓ࢡࢱ࢖ࢺࡣ⾲㠃࡟ᙉ࠸㈇㟁Ⲵࢆ᭷ࡋ࡚࠸ࡿࡓࡵࠊ࢝ࢳ࢜ࣥᛶ≀㉁࡜ᙉࡃ┦
஫స⏝ࡍࡿࠋ4 ⣭࢔ࣥࣔࢽ࣒࢘ሷᆺ࢝ࢳ࢜ࣥᛶ⏺㠃άᛶ๣ࢆ࢖ࣥࢱ࣮࣮࢝ࣞࢺࡉ
ࡏࡓ␯Ỉ໬ࢫ࣓ࢡࢱ࢖ࢺࠊࡍ࡞ࢃࡕ᭷ᶵኚᛶࢫ࣓ࢡࢱ࢖ࢺࡣࠊ᭷ᶵ⁐๣ࡢࣞ࢜ࣟ
ࢪ࣮ࢥࣥࢺ࣮ࣟࣝ๣࡜ࡋ࡚ỗ⏝ࡉࢀ࡚࠸ࡿ 20ࠋぶỈᛶࡢ⢊ᮎ⾲㠃ࢆ⏺㠃άᛶ๣➼
࡛㒊ศⓗ࡟␯Ỉ໬ࡋࠊ୧ぶ፹ᛶࢆ௜୚ࡍࡿࡇ࡜࡛ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥࢆㄪ
〇ࡍࡿ࡜࠸ࡗࡓሗ࿌ࡣࡇࢀࡲ࡛࡟ࡶ࠶ࡾ 21ࠊ᭷ᶵኚᛶࢫ࣓ࢡࢱ࢖ࢺࢆ⏝࠸࡚Ᏻᐃ
࡞ W/O ᆺ㸦water in oil type; Ἔ୰Ỉᆺ㸧࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡍࡿ࡜࠸࠺◊✲ࡶ࡞
ࡉࢀ࡚࠸ࡿ 10 ࠋࢫ࣓ࢡࢱ࢖ࢺࢆ࢝ࢳ࢜ࣥᛶ⏺㠃άᛶ๣࡛␯Ỉ໬ࡍࡿ࡜ࠊỈ࡬ࡢ
ศᩓᛶࡀపୗࡍࡿࡓࡵ࡟จ㞟ࡋ࡚ỿẊࡋࠊࢫ࣓ࢡࢱ࢖ࢺࡢỈቑ⢓ᶵ⬟ࡣኻࢃࢀࡿࠋ
ࢫ࣓ࢡࢱ࢖ࢺࡢỈቑ⢓ᶵ⬟ࢆ኱ࡁࡃᦆ࡞࠺ࡇ࡜࡞ࡃ␯Ỉ໬ࡍࡿࡓࡵ࡟ࠊ࢝ࢳ࢜ࣥ
ᛶ⏺㠃άᛶ๣ࡼࡾࡶぶỈᛶࡀ㧗ࡃศᏊ㔞ࡢ㧗࠸࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࢆຍ࠼࡚ࠊࢫ
࣓ࢡࢱ࢖ࢺ㸫࣏࣐࣮ࣜ」ྜయࢆᙧᡂࡉࡏࠊࡑࡢங໬⬟࡜ቑ⢓ᣲື࡟ࡘ࠸࡚ㄪ࡭ࡓࠋ 
ࡲࡎྛࠊ ✀ࢫ࣓ࢡࢱ࢖ࢺࡢ 3wt%ศᩓᾮ࡟࢝ࢳ࢜ࣥ໬ࢭ࣮ࣝࣟࢫ㸦CC-AࠊTable2㸧
ࢆ 0.01㹼0.5wt%ࡲ࡛ຍ࠼࡚≧ែࢆほᐹࡋࡓ࡜ࡇࢁࠊຍ࠼ࡿ࢝ࢳ࢜ࣥ໬ࢭ࣮ࣝࣟ
ࢫ㔞ࡀቑ࠼ࡿ࡟ᚑ࠸ศᩓᾮࡢእほࡣⓑࡃ⃮ࡾࠊ୧⪅ࡀ㸦㟼㟁ⓗ┦஫స⏝࡟ࡼࡾ㸧
จ㞟ࡋ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ࢝ࢳ࢜ࣥ໬ࢭ࣮ࣝࣟࢫ⃰ᗘࡀ㧗ࡃ࡞ࡿ࡟ᚑ࠸⢓ᗘ
ࡣῶᑡࡋࡓࡀࠊ0.5wt%ࡲ࡛ࡢῧຍ㔞࡛ࡣࠊࢫ࣓ࢡࢱ࢖ࢺࡢቑ⢓ᶵ⬟ࡀ᏶඲࡟ኻࢃ
ࢀࡿࡇ࡜ࡀ࡞࠿ࡗࡓࠋࡇࡢࡇ࡜࠿ࡽࠊCC-A ࡣࠊࢫ࣓ࢡࢱ࢖ࢺࡢቑ⢓ᶵ⬟ࢆ኱ࡁ
ࡃῶࡎࡿࡇ࡜࡞ࡃࠊࢫ࣓ࢡࢱ࢖ࢺࢆจ㞟ࠊ␯Ỉ໬ࡉࡏࡿຠᯝࡀ࠶ࡿࡇ࡜ࡀ♧ࡉࢀ
ࡓࠋ  
ḟ࡟ SA ศᩓᾮ࡟ NaCl ࢆ 3wt%ຍ࠼࡚ẚ㍑ࡋࡓ㸦Fig.6㸧ࠋࡇࢀࡽࡢ⢓ᗘࢆ B ᆺ
⢓ᗘィ࡟ࡼࡾ ᐃࡋࡓ⤖ᯝࢆ Fig.7 ࡟♧ࡍࠋẚ㍑ࡢࡓࡵࠊCC-A ༢⊂Ỉ⁐ᾮ࡟ࡘ
࠸࡚ࡶྠࡌࢢࣛࣇୖ࡟♧ࡋࡓࠋNaCl ࢆྵ᭷ࡋ࡞࠸ SA㸫CC-A0.01wt%」ྜయࡢỈ
ศᩓᾮࡣࠊᙎᛶࡀᙉࡃ ᐃ᫬࡟἞ලࡀࢫࣜࢵࣉࡋࡓࡓࡵ ᐃ࡛ࡁ࡞࠿ࡗࡓࠋ3wt㸣
NaCl ࢆྵ᭷ࡍࡿศᩓᾮࡣࠊNaCl ࢆྵࡲ࡞࠸ศᩓᾮ࡜ẚ㍑ࡋ࡚ࠊ࠸ࡎࢀࡢ CC-A
⃰ᗘ࡛ࡶ⢓ᗘపୗࢆ♧ࡋࡓࡀࠊ༢⊂ࡢࢫ࣓ࢱ࢖ࢺࢤࣝ࡟ NaCl ࢆῧຍࡋࡓ㝿ࡢࡼ
࠺࡞㢧ⴭ࡞จ㞟࠾ࡼࡧỿẊࢆ⏕ࡌࡿࡇ࡜࡞ࡃࠊቑ⢓≧ែࢆಖࡗ࡚࠸ࡓࠋࡍ࡞ࢃࡕࠊ
SA㸫CC-A 」ྜయࡣࠊ⪏ሷᛶࡢቑ⢓๣࡜ࡋ࡚ᶵ⬟ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡗࡓࠋ
NaCl ࢆῧຍࡋࡓ SA㸫CC-A 」ྜయỈศᩓᾮࡢ⢓ᗘࡣࠊCC-A ⃰ᗘࡀ 0.2wt%࡛ᴟ
኱್ࢆ♧ࡋࡓࠋSA ศᩓᾮࡣ 3wt㸣ࡢ NaCl ࢆῧຍࡍࡿ࡜จ㞟ࠊỿẊࢆ࠾ࡇࡋỈቑ
⢓ຠᯝࡣ࡞ࡃ࡞ࡿࡇ࡜ࠊࡲࡓ CC-A ༢⊂Ỉ⁐ᾮࡼࡾࡶ SA㸫CC-A 」ྜయỈศᩓ≀
ࡀ㢧ⴭ࡟㧗⢓ᗘ࡛࠶ࡿࡇ࡜࠿ࡽࠊSA ࡜ CC-A ࡢ┦஫స⏝࡟ࡼࡿቑ⢓࡜⪃࠼ࡽࢀ
ࡿࠋCC-A ࡀ SA ࡟྾╔ࡋࠊ⢏Ꮚྠኈࡢᯫᶫ๣࡜ࡋ࡚ാࡃࡇ࡜࡟ࡼࡿቑ⢓࡜ࠊCC-
Aࡀ SA ⢏Ꮚྠኈࡢ㟼㟁ⓗ཯Ⓨຊࢆᙅࡵจ㞟ࡍࡿࡇ࡜࡟ࡼࡿῶ⢓ࡀྠ᫬࡟㐍⾜ࡋ
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࡚࠸ࡿࡀࠊCC-A ⃰ᗘࡀప࠸ሙྜ࡟ࡣ๓⪅ࡢᙳ㡪ࡀࠊ㧗࠸ሙྜ࡟ࡣᚋ⪅ࡢᙳ㡪ࡀ
኱ࡁࡃ⾲ࢀ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋ  
ḟ࡟ࠊྛ✀ࢫ࣓ࢡࢱ࢖ࢺ࡜ CC-A 」ྜయࡢங໬⬟࡟ࡘ࠸࡚ㄪ࡭ࡓࠋࢫ࣓ࢡࢱ࢖
ࢺ⢏Ꮚࢆຠ⋡Ⰻࡃ⏺㠃࡟྾╔ࡉࡏࡿࡓࡵ࡟ࡣங໬≀ࡢ⏺㠃࡛ࢫ࣓ࢡࢱ࢖ࢺ࡜
CC-A 」ྜయࡀᙧᡂࡋࠊ྾╔ࡍࡿࡇ࡜ࡀ㔜せ࡜⪃࠼ࠊCC-A ࢆྵࡴỈ୰࡟ࠊྛ✀ࢫ
࣓ࢡࢱ࢖ࢺࢆศᩓࡋࡓὶືࣃࣛࣇ࢕ࣥࢆຍ࠼࡚᧠ᢾࡋࠊங໬≀ࢆㄪ〇ࡋࡓࠋὶື
ࣃࣛࣇ࢕ࣥࡣங໬≀඲యࡢ 15wt%ࠊCC-A ࡣ඲㔞ࡢ 0.005㹼3wt%࡜࡞ࡿࡼ࠺ࢧࣥ
ࣉࣝㄪ〇ࡋࡓࠋFig.8 ࡟ࠊࢫ࣓ࢡࢱ࢖ࢺ㸫CC-A 」ྜయ࡟ࡼࡿங໬≀ࡢ⢓ᗘ࡜ங໬
⢏Ꮚᚄࢆ♧ࡍࠋ  
ࢫ࣓ࢡࢱ࢖ࢺ✀࡟ࡼࡾ CC-A ࡢῧຍຠᯝࡣ␗࡞ࡗࡓࠋKU ࡜ࡢ」ྜయࡣࠊCC-A
⃰ᗘࡀ㧗ࡲࡿ࡯࡝ங໬⢏Ꮚࡣ⢒኱࡟࡞ࡾࠊἜᾋࡁࡀ㢧ⴭ࡜࡞ࡾࠊCC-A ⃰ᗘࡀ
0.1wt㸣࡛ࡣᆒ୍࡞ங໬≀ࡀᚓࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣࠊKU ⢏Ꮚࡀ CC-A ῧຍ࡟ࡼ
ࡾจ㞟ࡍࡿࡇ࡜࡛ࠊKU㸫CC-A 」ྜయࡢ⢏Ꮚᚄࡀቑ኱ࡋࠊ⣽࠿࠸ங໬⢏Ꮚࢆᙧᡂ
࡛ࡁ࡞࠿ࡗࡓࡓࡵ࡜⪃࠼ࡽࢀࡿ㸦ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥ࡟࠾࠸࡚ࠊங໬⢏Ꮚ
ᚄࡣங໬๣࡛࠶ࡿ⢏Ꮚࡢ 10 ಸ௨ୖ࡛࠶ࡿࡇ࡜ࡀᐇ㦂ⓗ࡟ࢃ࠿ࡗ࡚࠸ࡿ㸧ࠋSA ࡜
ࡢ」ྜయࡣࠊCC-A ⃰ᗘࡀ 0.01wt%௨ୖ࡛ࡣங໬⢏Ꮚᚄ࡟ኚ໬ࡣ࡞࠿ࡗࡓࠋLA ࡣࠊ
ᚤ㔞ࡢ CC-A ῧຍ㸦0.005wt㸣㸧࡛⣽࠿࠸ங໬⢏Ꮚࡢங໬≀ࢆㄪ〇ྍ⬟࡛࠶ࡾࠊ
CC-A ࡢῧຍ⃰ᗘ࡟ࡼࡾங໬⢏Ꮚᚄ࡟࡯࡜ࢇ࡝ኚ໬ࡀ࡞࠿ࡗࡓࠋ  
ங໬≀ࡢ⢓ᗘ࡟㛵ࡋ࡚ࡣࠊKU ࡛ࡣࠊ࠶ࡿ CC-A ࡢῧຍ㔞࡛ᴟ኱್ࢆᣢࡗࡓࠋ
ࡇࢀࡣࠊFig.7 ࡟♧ࡋࡓ SA㸫CC-A㸫NaCl 」ྜయ࡛ࡢ⤖ᯝ࡜ྠᵝ࡟ࠊ࣏࣐࣮ࣜ࡜
ࡢ┦஫స⏝࡟ࡼࡿቑ⢓࡜จ㞟࡜ࡀྠ᫬㐍⾜ࡋ࡚࠸ࡿࡓࡵ࡜⪃࠼ࡽࢀࡿࠋLA ࡟ࡘ
࠸࡚ࡣࠊCC-A ῧຍ㔞 0.1wt%ᮍ‶࡛ࡣ LA-CC-A 」ྜయỈศᩓᾮࡀࢤࣝ≧ែ࡛࠶
ࡾࠊB ᆺ⢓ᗘィࡢ἞ල⾲㠃࡛ࡢ㞳Ỉ࡟ࡼࡿ⁥ࡾ࡛ ᐃ࡛ࡁ࡞࠿ࡗࡓࡀࠊSAࠊKU
࡜ࡢ」ྜయỈศᩓ≀ࡣࠊ࠸ࡎࢀࡢ CC-A ⃰ᗘ࡟࠾࠸࡚ࡶࢤࣝ໬ࡏࡎࠊ⤒᫬࡛ࡶࢤ
ࣝ໬ࡀぢࡽࢀ࡞࠿ࡗࡓࠋSA3wt㸣༢⊂Ỉศᩓᾮࡣㄪ〇 1 ᪥ᚋ࡟ࢤࣝ໬ࡍࡿࡀࠊ࢝
ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࡀ SA ⢏Ꮚࢆᯫᶫࡍࡿࡇ࡜࡛ࠊࡼࡾ㧗ศᏊ࡟㏆࠸ࣞ࢜ࣟࢪ࣮ᣲ
ືࢆ♧ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋ࠸ࡎࢀࡢࢫ࣓ࢡࢱ࢖ࢺ࡛ࡶࠊCC-A ῧຍ⃰ᗘࡀ
0.05wt%ࢆ㉸࠼ࡿ࡜ᛴ⃭࡟ῶ⢓ࡍࡿഴྥࢆ♧ࡋࡓࠋ  
3-3-3. ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ✀ࡢ᳨ウ  
ḟ࡟ࠊࢫ࣓ࢡࢱ࢖ࢺ࡜ࡋ࡚ SA ࢆ⏝࠸ࠊ㟁ⲴᐦᗘࡸศᏊ㔞ࡢ␗࡞ࡿ࢝ࢳ࢜ࣥᛶ࣏
࣐࣮ࣜࢆຍ࠼࡚」ྜయࢆᙧᡂࡉࡏࠊࡑࡢᣲືࢆㄪ࡭ࡓࠋSA3wt%࠾ࡼࡧࠊTable2 ࡟
࠶ࡿ✀ࠎ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ0.1wt%ࡢ」ྜయࡢỈศᩓᾮࡢ⢓ᗘ㸦V㸧ࢆ Fig.9 ࡟
♧ࡍࠋ」ྜయỈศᩓᾮࡢ⢓ᗘࡣࠊ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࡢศᏊ㔞ࡀ㧗࠸࡯࡝㧗࠸ഴ
ྥ࡟࠶ࡾࠊ≉࡟ศᏊ㔞 100 ୓๓ᚋ࠿ࡽᛴ⃭࡟ୖ᪼ࡋࡓࠋཧ⪃ࡲ࡛࡟ࠊศᩓᾮ୰ࡢ
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SA ⢏Ꮚࡀ༨᭷ࡍࡿయ✚࡟ࡘ࠸࡚ィ⟬ࢆ⾜ࡗࡓ㸦SA ẚ㔜Ҹ2.5kg/m-3㸧22ࠋSA ⢏Ꮚ
ࢆ⦪࣭ᶓ࣭ཌࡳ=75nm75nm1nm㸦2 ❶ Table1 ࡼࡾ㸧ࡢ┤᪉య࡜ࡳ࡞ࡋ࡚ィ⟬
ࡍࡿ࡜ࠊ3wt%ศᩓᾮ୰࡟࠾࠸࡚ࡣ୍㎶ 75nm ࡢ❧᪉యࡢ୰࡟ 1 ಶࡢ SA ⢏ᏊࡀᏑ
ᅾࡍࡿࡇ࡜࡟࡞ࡿࠋ⏝࠸ࡓ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࡢ୰࡛ࠊ᭱ࡶపศᏊ㔞࡛࠶ࡿ࢝ࢳ
࢜ࣥ໬ HEC㸦CHࠊMw=5 ୓㸧ࡣࠊDLS ࢆ⏝࠸࡚ ᐃࡋࡓ⤖ᯝ┤ᚄ 70nm ࡛࠶ࡗ
ࡓࡇ࡜࠿ࡽࠊ࣏࣐࣮ࣜࡀ SA ⢏Ꮚࢆᯫᶫ࡛ࡁࡿ⛬ᗘ࡟ࡣ༑ศ㏆᥋ࡋ࡚࠸ࡿࡇ࡜ࡀ
ࢃ࠿ࡿࠋ  
࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࡢ࢝ࢳ࢜ࣥ໬ᗘ㸦Nc㸧ࡀ㧗࠸࡯࡝ࢫ࣓ࢡࢱ࢖ࢺࡢจ㞟ࡀಁ
㐍ࡋ⢓ᗘࡀపࡃ࡞ࡿ࡜ࡢண᝿࡟཯ࡋࠊNc ࡢ㧗࠸ DD-AࠊDD-B ࡜ࡢ」ྜయศᩓᾮ
࡜ࠊNc ࡢప࠸ CH ࡜ࡢ」ྜయỈศᩓᾮࡢ⢓ᗘࡣ࡯ࡰྠ➼࡛ࠊ」ྜయศᩓᾮࡢ⢓
ᗘࡣ Nc ࡜ࡣ┦㛵ࡀ࡞࠿ࡗࡓ㸦Fig.10㸧ࠋ  
ḟ࡟ࠊࡇࢀࡽࡢ」ྜయศᩓᾮ࡟ NaCl ࢆ 3wt%ຍ࠼ࡓ㝿ࡢ⢓ᗘ㸦Vn㸧ࢆ ᐃࡋࠊ
NaCl ࢆῧຍࡋ࡞࠸ศᩓᾮ࡜ࡢẚ㍑ࢆ⾜ࡗࡓࠋ⤖ᯝࢆ Fig.11 ࡟♧ࡍࠋNaCl ࢆྵࡲ
࡞࠸」ྜయศᩓᾮࡢ⢓ᗘ V ࡜ NaCl ࢆྵࡴ」ྜయศᩓᾮࡢ⢓ᗘ Vn ࡢẚ㸦Vn/V㸧ࠊ
ࡍ࡞ࢃࡕሷ࡟ࡼࡿῶ⢓ᗘྜࡣྠࠊ ࡌᵓ㐀ࢆ᭷ࡍࡿ࣏࣐࣮ࣜྠኈ࡛ࡣ࡯ࡰྠ➼࡛࠶
ࡗࡓ㸦CC ⣔㸸⣙ 0.5ࠊDD ⣔㸸⣙ 0.3㸧ࡀࠊ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࡢศᏊ㔞ࠊ࢝ࢳ࢜
ࣥ໬ᗘ㸦Nc㸧ࡢ࠸ࡎࢀ࡜ࡶ┦㛵ࡀ࡞࠿ࡗࡓ㸦Fig.12㸧ࠋ  
SA ࡜࣏࣐࣮ࣜࡢ㟁Ⲵᐦᗘ࡟ࡘ࠸࡚ィ⟬ࡍࡿ࡜ࠊ࢝ࢳ࢜ࣥ໬ᗘࡀప࠸ CH ࡣࠊ
SA ⢏Ꮚ⾲㠃ࡢ㈇㟁Ⲵ࡟ᑐࡋ 1/1000 ⛬ᗘࡋ࠿ṇ㟁Ⲵࢆ᭷ࡋ࡚࠸࡞࠸ࡀࠊ࢝ࢳ࢜ࣥ
໬ᗘࡢ㧗࠸ DD-A ࡣ 1/3 ⛬ᗘࢆ᭷ࡋ࡚࠸ࡿࠋከ⢾ࢆ୺య࡜ࡍࡿ㧗ศᏊࡣ◳ࡃࣇࣞ
࢟ࢩࣅࣜࢸ࢕࣮ࡀప࠸ࡀࠊDADMAC ࢆ୺య࡜ࡍࡿ㧗ศᏊࡢศᏊ㙐ࡣᰂࡽ࠿ࡃࣇ
ࣞ࢟ࢩࣅࣜࢸ࢕࣮ࡀ㧗࠸ࠋࡇࢀࡽࡢࡇ࡜࠿ࡽࠊDD ⣔࡜ CC ⣔࡜ࡣࠊSA ⢏Ꮚࡢ㈇
㟁Ⲵ࡜┦஫స⏝ࡋ࡚࠸ࡿṇ㟁Ⲵࡢᩘࡀ኱ࡁࡃ␗࡞ࡿ࡜⪃࠼ࡽࢀࠊ୧⪅ࡢᣲື࡟኱
ࡁ࡞㐪࠸ࡀฟࡿ࡜ண᝿ࡉࢀࡓࡀࠊ⤖ᯝࡣண᝿࡟཯ࡋ࡚࠸ࡓࠋࡇࡢ⌮⏤࡟ࡘ࠸࡚ࡣ
୙࡛᫂࠶ࡾࠊ௒ᚋࡉࡽ࡞ࡿ᳨ウࡀᚲせ࡛࠶ࡿࠋ  
ḟ࡟ࠊSA ศᩓᾮ࡟✀ࠎ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ0.1wt%࠾ࡼࡧ NaCl3wt%ࢆຍ࠼࡚
ㄪ〇ࡋࡓ」ྜయศᩓᾮ࡟ࠊὶືࣃࣛࣇ࢕ࣥ 30wt%ࢆຍ࠼࡚ங໬≀ࢆㄪ〇ࡋࡓࠋங
໬≀ࡢ⢓ᗘ࡜ங໬⢏Ꮚᚄࢆ Fig.13 ࡟♧ࡍࠋNaCl ࠾ࡼࡧ SA ࢆྵࡴศᩓᾮ࡛ㄪ〇
ࡋࡓங໬≀ࡢங໬⢏Ꮚᚄࡣ 100ȣm ௨ୗ࡟ࡣ࡞ࡽ࡞࠿ࡗࡓࡀ㸦Table 3㸧ࠊ࢝ࢳ࢜
ࣥᛶ࣏࣐࣮ࣜࢆῧຍࡍࡿࡇ࡜࡛ࠊ࠸ࡎࢀࡶ 30㹼50ȣm ࡢᚤ⣽࡞ங໬⢏Ꮚࢆㄪ〇
ࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ࡟ࡣࠊศᏊෆ࡟␯Ỉᇶࢆ᭷ࡍࡿࡶࡢࡶከ
࠸ࡓࡵࠊࢫ࣓ࢡࢱ࢖ࢺ̺࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ」ྜయࡢ␯Ỉᛶࡀࢫ࣓ࢡࢱ࢖ࢺ༢⊂
ࡼࡾࡶྥୖࡋࠊἜỈ⏺㠃࡬ࡢ྾╔ࡀᐜ᫆࡟࡞ࡗࡓࡓࡵ࡜⪃࠼࡚࠸ࡿࠋங໬⢏Ꮚᚄ
ࡣ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ✀࡟ࡼࡾ኱ࡁ࡞ኚ໬ࡀ࡞ࡃࠊࢥࣥࣉࣞࢵࢡࢫࡢぶ␯Ỉᛶࡸ
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⢏Ꮚᚄ࡞࡝ࡢᛶ㉁࡟ࠊ኱ࡁ࡞ᕪࡀ࡞࠸ࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇࡢࡇ࡜ࡣࠊSA-࢝ࢳ࢜
ࣥᛶ࣏࣐࣮ࣜࢥࣥࣉࣞࢵࢡࢫ୰ࡢࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚྠኈࡢ㊥㞳ࡀ࢝ࢳ࢜ࣥᛶ࣏
࣐࣮ࣜࡢ㟁ⲴᐦᗘࡸศᏊ㔞࡟኱ࡁࡃᙳ㡪ࡉࢀ࡞࠸ࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿ࡜⪃࠼ࡽ
ࢀࡿࠋ࠸ࡎࢀࡢங໬≀ࡶ⤒᫬࡛ங໬⢏Ꮚࡢྜ୍ࡣぢࡽࢀࡎᏳᐃ࡛࠶ࡾࠊࢫ࣓ࢡࢱ
࢖ࢺ㸫࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ」ྜయࡀࠊFig.14 ࡟♧ࡍࡼ࠺࡟⪏ሷᛶࡢቑ⢓๣࡜ங໬
๣࡜ࡋ࡚ᶵ⬟ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
 
3-4㸬⤖ゝ  
࣭ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ࡟ࠊࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚࡀจ㞟࣭ỿẊࡍࡿ⛬ᗘࡢ⃰ᗘࡲ࡛ሷ
ࢆῧຍࡍࡿ࡜ࠊᏳᐃ࡞ங໬≀ࡀㄪ〇࡛ࡁࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ  
࣭ࢫ࣓ࢡࢱ࢖ࢺ㸫࢝ࢳ࢜ࣥ໬ࢭ࣮ࣝࣟࣝ」ྜయࡣ NaCl ࢆ 3wt%ྵࡴỈ୰࡛ࡶቑ
⢓ຠᯝࡀ࠶ࡾ㸦⪏ሷᛶቑ⢓ຠᯝ㸧ࠊ࠿ࡘங໬๣࡜ࡋ࡚ᶵ⬟ࡍࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ  
࣭ࢫ࣓ࢡࢱ࢖ࢺ㸫࢝ࢳ࢜ࣥ໬ࢭ࣮ࣝࣟࣝ」ྜయࡣࢫ࣓ࢡࢱ࢖ࢺ༢⊂ศᩓᾮ࡜ẚ
㍑ࡋ࡚ࠊሷࡢᏑᅾୗ࡛ࢫ࣓ࢡࢱ࢖ࢺࡢจ㞟ࢆ㜵ࡂࠊ⤖ᯝ࡜ࡋ࡚ᚤ⣽࡞ங໬⢏Ꮚᚄ
ࡢ࢚࣐ࣝࢩࣙࣥࢆㄪ〇࡛ࡁࡓࠋ  
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Table 1   Cationic polymers used in this investigation 
Abbreviation Sales name Supplying company
Chemical
structure
Mw
(×104)
Nc structure of cationic part
CC-A PolymerJR-400
The Dow Chemical
Company
45 1ᨺ2
CC-B Jelner QH400 Daicel Fine Chem Ltd. 80 1ᨺ2
CC-C Catinal HC200 160 1ᨺ2
CC-D Catinal HC400 200 ᨺ1
CH Oligoquat M Arch Chemicals Cationic HEC* 3ᨺ5 0.3ᨺ0.6
CG-A JAGUAR C-14S 280 1ᨺ2
CG-B JAGUAR C-17 650 1ᨺ2
CG-C JAGUAR EXCEL 200 1ᨺ2
DD-A Merquart 100 15 100
DD-B Merquart 106 1.5 100
DA Merquart 550
DADMAC-
AM***
160 8
DAA Merquart PLUS 3300
DADMAC-AM-
AA****
150 10
* Hydroxyl ethyl cellulose
** Diaryl dimethyl ammonium chloride
*** Acrylamide
**** Acrylic acid
same as CC series
Cationic
cellulose
Toho Chemical
Industry
Rhodia
Cationic guar
gum
Lubrizol
DADMAC**
Fig.1 Viscosity of the (䕺) 2 (䕔) 3 (䕦) 4 wt% clay 
dispersions a; KU, b; SA, c;LA,  as a function of NaCl  
concentrations.
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Fig.2 SEM images of the 3wt% clay dispersions with and without 
NaCl, a-1; KU without NaCl, a-2; with 2wt% NaCl, b-1; SA without 
NaCl, b-2 with 0.5wt% NaCl, c-1; LA without NaCl, c-2; with 
0.5wt% NaCl. 
13.3μm
a-1 a-2
b-1 b-2
c-1 c-2
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Fig.3 A: LA 3wt% dispersions, B: Emulsions containing 50wt% liquid 
paraffin and 1.5wt% LA and water.
Concentration of NaCl are (a) 0 (b) 0.01 (c) 0.05 (d) 0.1 (e) 1 (f) 2wt%, 
respectively. Doted area expresses its appearance;    :transparent, 
:translucid,     :turbid
Appearance homogeneous phase separation
Appearance phase separation emulsion emulsion
Droplet size (μm) - >100 30~100
(a)          (b)   (c)      (d)        (e)         (f)
A
water water
B
oiloil
water water
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Fig.4 A: LA 3wt% dispersions, B: Emulsions containing 50wt% 
liquid paraffin and 1.5wt% LA, water, MgCl2 .
Concentration of MgCl2 are (a) 0.001 (b) 0.01 (c) 0.05 (d) 0.1 (e) 1 
wt%,  respectively. Doted area expresses its appearance;
:slightly translucid,    :translucid,     :turbid
Appearance homogeneous phase separation
Appearance phase separation emulsion emulsion
Droplet size (μm) - >100 30~100
(a)   (b)      (c)      (d)          (e)
A
water
B water
oil
water
emulsion emulsion
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NaCl (wt%) 0 0.01 0.1 0.5 1 2 5
KU
Droplet 
diameter (μm) 500 ~1000 ~500
phase 
separation
SA .
Droplet 
diameter 
(μm)
~500 ~100
LA
Droplet 
diameter (μm)
phase 
separation ~100 30~50
Table 3 Appearances and the droplets diameter of the clay-NaCl emulsions
water
oil
water
oil
water
Emulsions containing 50wt% liquid paraffin and 1.5wt% smectite, water,
NaCl, respectively. Doted area expresses its 
appearance;    :transparent,    :translucid,     :turbid
water
water
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10μm
Fig.5 Microscopic image of the emulsion 
prepared with 2wt% LA, 0.24wt% NaCl, 
50wt%  liquid paraffin and water.
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A
B
a b c d e
Fig.6 SA 3wt% dispersions with various CC-A 
concentrations, A: without NaCl, B: with 3wt% NaCl. 
Concentration of CC-A is (a) 0.01, (b) 0.05, (c) 0.1, (d) 0.2, 
(e) 0.5wt%,  respectively. 
Fig.7 Viscosities of SA 3wt% dispersions as a 
function of CC-A concentrations, 䕺;without 
NaCl, 䕔;with 3wt% NaCl, 䕦; CC-A aqueous 
solution, respectively. 
V
is
co
si
ty
 / 
m
Pa
ዘs
Concentration of CC-A / wt%
0.01
1
10
100
1000
10000
0.1 1
67
Fig.8 A: Viscosities, B: droplet diameter of 
3wt% emulsions of clay-CC-A composite as a 
function of  CC-A concentrations, 䕺KU, 
䕔SA, 䕦 LA. 
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Fig.9 Relationships of the viscosities of clay- cationic polymer 
composite gel and molecular weight of cationic polymer.  
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Mw of added cationic polymer (104)
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Fig.10 Schematic image of cationic polymer and clay particle in water
(a) SA 3wt%  (b) CC-A
Fig.11  Viscosities of composite gel of SA3wt% and 0.1wt% 
of various cationic polymers, shaded bar is that of containing 3wt% NaCl.  
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Fig.12 Relationships of the Vn/V and A; Nc, B; molecular weight 
of the cationic polymer, respectively.  
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Fig.13 Black bar; viscosity, grey bar; average droplet diameter, of 
SA-cationic polymer-NaCl emulsions, respectively.  
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Fig.14 Schematic illustration of oil droplet stabilized with 
smectite-cationic polymer complex.
smectitecationic polymer
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4 ❶ ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ୰࡛ࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢࢤࣝ໬࣓࢝ࢽࢬ࣒ࡢゎ᫂࠾
ࡼࡧࠊࡇࢀࢆ⏝࠸ࡓ W/O ᆺங໬〇๣ࡢ໬⢝ရ࡬ࡢᛂ⏝  
 
4-1. ⥴ゝ  
W/O ங໬⓶⭵໬⢝ᩱࡣእ┦ࡀἜ┦࡛࠶ࡿࡓࡵࠊ␯Ỉⓗ࡞⫙⾲㠃࡟࡞ࡌࡳࡸࡍ
ࡃࠊ㧗࠸࢚࢚ࣔࣜࣥࢺ㸦ಖ‵㸧ຠᯝࠊỈࡸờ࡛ⴠࡕ࡟ࡃ࠸࡞࡝ࠊO/W ᆺ〇๣࡟ࡣ
࡞࠸≉ᚩࡀ࠶ࡿࠋࡋ࠿ࡋࠊW/O ங໬ࡣ O/W ங໬࡟ẚ࡭࡚Ᏻᐃ໬ࡀ㞴ࡋ࠸࡜ࡉࢀ
࡚࠸ࡿ   1,2ࠋࡇࢀࡣࠊ୍⯡ⓗ࡟Ἔ⁐ᛶࡢ⏺㠃άᛶ๣ࡀ㠀࢖࢜ࣥᛶ࡛࠶ࡾࠊぶỈ㒊
࡛࠶ࡿ࣏ࣜ࢜࢟ࢩ࢚ࢳࣞࣥ㙐ࡢ␯Ἔᛶࡀపࡃࠊ⏺㠃࡟྾╔ࡋ࡟ࡃ࠸ࡇ࡜ 3) ࠊぶ
Ỉᛶࡢ࢖࢜ࣥᛶ⏺㠃άᛶ๣ࡢࡼ࠺࡟ࠊ㟼㟁཯Ⓨ࡟ࡼࡿங໬⢏Ꮚ࡝࠺ࡋࡢจ㞟ᢚไ
ࡀᅔ㞴࡞ࡇ࡜ࠊங໬⢏Ꮚࡢ⾪✺㢖ᗘࢆୗࡆࡿࡓࡵࡢἜศࡢቑ⢓๣ࣂ࢚࣮ࣜࢩࣙࣥ
ࡀᑡ࡞࠸ࡇ࡜ࠊ࡞࡝ࡀཎᅉ࡜ࡋ࡚ᣲࡆࡽࢀࡿࠋἜศࢆቑ⢓ࡋ࡚Ἔࡢ㞳₢ࢆ㜵Ṇࡍ
ࡿ࡜࡜ࡶ࡟ࠊỈ⁲ࢆ୙ື໬ࡋࠊ⢏Ꮚྠኈࡢ⾪✺㢖ᗘࢆపୗࡉࡏࡿ࡜࠸ࡗࡓ◊✲࡟
࠾࠸࡚ࠊࢩࣜࢥ࣮࣏࣐࣮ࣥࣜ 4,5ࡸᾮᬗ 6 ࠊࡲࡓ᭷ᶵኚᛶ⢓ᅵ㖔≀ 7ࢆ⏝࠸ࡿ࡜࠸
࠺ሗ࿌ࡀ࠶ࡿࠋ1 ❶࡛㏙࡭ࡓࡼ࠺࡟ࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡣỈ⭾₶ᛶࡢࢫ࣓ࢡࢱ࢖
ࢺࡢᒙ㛫ࡢ࢖࢜ࣥࢆ➨ 4 ⣭࢔ࣥࣔࢽ࣒࢘ሷᆺ࢝ࢳ࢜ࣥᛶ⏺㠃άᛶ๣࡛࢝ࢳ࢜ࣥ
஺᥮཯ᛂࢆࡋ࡚ᚓࡽࢀࠊὶືࣃࣛࣇ࢕ࣥ࡞࡝ࡢἜศ୰࡛⏺㠃άᛶ๣࡜」ྜయࢆᙧ
ᡂࡋ࡚࢜࢖ࣝࢤࣝࢆᵓ⠏ࡍࡿ 8-10㸦Fig.1ࠊ2㸧ࠋᯈ≧⢊ᮎ࡛࠶ࡿ᭷ᶵኚᛶ⢓ᅵ㖔≀
ࢆ⏝࠸ࡓ࢜࢖ࣝࢤࣝࡣࠊሬᕸ᫬ࡢࢩ࢙࢔࡛▐᫬࡟ῶ⢓ࡋ࡚ࡢࡧࡀ㍍ࡃ࡞ࡾࠊࡲࡓ
஝⇱ᚋࡶ࡭ࡓࡘ࠿࡞࠸࡜࠸ࡗࡓ฼Ⅼࡀ࠶ࡿࠋࡲࡓࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀࡜࠶ࡿ✀ࡢ
㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆΰྜࡋࡓ࢜࢖ࣝࢤࣝ࡟Ỉࢆຍ࠼ࡿ࡜ࠊᏳᐃ࡞ங໬๣ࡀᚓ
ࡽࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ 11,12ࠋࡇࢀࡣࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡀἜศࡢቑ⢓๣࡜ࡋ
࡚ᶵ⬟ࡍࡿࡤ࠿ࡾ࡛࡞ࡃࠊἜỈ⏺㠃࡟྾╔ࡋࠕẆࠖࢆࡘࡃࡿࡇ࡜࡛ࠊங໬⢏Ꮚࢆ
Ᏻᐃ໬ࡍࡿ࡜࠸࠺ᶵ⬟ࡀ࠶ࡿࡓࡵ࡛࠶ࡿ 13ࠋࡇࢀࡣࡍ࡞ࢃࡕࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀
ࡀࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥࡢங໬๣࡜ࡋ࡚ࡶᶵ⬟ࡋ࡚࠸ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ
ࡇࡢᢏ⾡ࡣࠊࢫ࢟ࣥࢣ࢔໬⢝ᩱ࡞࡝࡟ᗈࡃά⏝ࡉࢀ࡚࠸ࡿࡀ 14ࠊ㛤Ⓨࡉࢀࡓ 1980
ᖺࡈࢁࡣࠊὶືࣃࣛࣇ࢕ࣥࢆ୺࡞Ἔศ࡜ࡋࡓ࢜࢖ࣝࢤࣝࢆ⏝࠸ࡓࢡ࣮࣒ࣜ〇๣ࡀ
ㄪ〇ࡉࢀ࡚࠸ࡓࠋࡋ࠿ࡋࡑࡢᚋࡢ◊✲࡛ࠊࢡ࣮࣒ࣜࡢἜࡗࡱࡉࢆపῶࡉࡏࡿࡇ࡜
ࢆ┠ⓗ࡟ࠊࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ࡜࢔࢚࣮ࣝ࢟ࣝࢸࣝኚᛶࢩࣜࢥ࣮
ࣥ⣔ࡢ⏺㠃άᛶ๣ࢆ⏝࠸ࡓ〇๣ࡀ㛤Ⓨࡉࢀ࡚࠸ࡿ 15ࠋ㧗⢓ᗘࡢ࢜࢖ࣝࢤࣝࢆㄪ〇
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ࡍࡿࡓࡵ࡟ࡣࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀࡜㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࡢẚ⋡ࢆ㐺ṇ࡟ࡍࡿࡇ
࡜ࡀ㔜せ࡛࠶ࡿ࡜ሗ࿌ࡉࢀ࡚࠸ࡿ 16ࠋ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᒙ㛫ࡣ X ⥺ᩓ஘ἲ࡛
☜ㄆࡍࡿࡇ࡜ࡀ࡛ࡁࠊᒣཱྀࡽࡣ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀࡟ᑐࡍ
ࡿ㔜㔞ẚ⋡ࠊratio=0.2 ࡢ࡜ࡁ࡟ᒙ㛫㊥㞳ࡣ᭱኱್࡟㐩ࡋࠊࡇࡢ࡜ࡁὶືࣃࣛࣇ࢕
ࣥࡢ࢜࢖ࣝࢤࣝࡀ᭱ࡶ㧗⢓ᗘ࡟࡞ࡿࡇ࡜ࢆ☜ㄆࡋ࡚࠸ࡿ 12ࠋඛ࡟㏙࡭ࡓࢹ࣓࢝ࢳ
ࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥࡶࠊ࢔࢚࣮ࣝ࢟ࣝࢸࣝኚᛶࢩࣜࢥ࣮ࣥ࡜᭷ᶵኚᛶ⢓ᅵ
㖔≀࡟ࡼࡿ」ྜయ࡛ቑ⢓ࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋࡲࡓࡇࡢ㝿ࠊᒣཱྀࡽࡢሗ࿌ྠᵝ࡟ࠊ
᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᒙ㛫ࡀࠊ⏺㠃άᛶ๣ࡢ㓄ྜ࡟ࡼࡾࢩࣜࢥ࣮ࣥἜ୰࡛ᣑᙇࡍࡿ
ࡇ࡜ࡀ☜ㄆࡉࢀ࡚࠸ࡿࠋࡇࢀࡲ࡛⏺㠃άᛶ๣࡜」ྜ໬ࡋࡓἜ୰ࡢ⢓ᅵ㖔≀ࡢᒙ㛫
ࡀᣑᙇࡍࡿ࡯࡝ࠊ⢓ᗘࡢ㧗࠸࢜࢖ࣝࢤࣝࡀㄪ〇ࡉࢀࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡓࠋࡋ࠿ࡋ
࡞ࡀࡽᒣཱྀࡽࡢሗ࿌ࡢ୰࡛ࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᒙ㛫ࡀ᭱኱್࡟㐩ࡋࡓᚋࡶ⏺㠃
άᛶ๣ẚ⋡ࢆ㧗ࡵࡿ࡜⢓ᗘࡀῶᑡࡋ࡚࠸ࡿࡀࠊࡇࡢ࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚ࡣศ࠿ࡗ
࡚࠸࡞࠿ࡗࡓࠋᮏ◊✲࡛ࡣࠊ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥࢆἜศ࡜ࡋ࡚⏝࠸ࠊ᭷ᶵኚᛶ⢓ᅵ
㖔≀࡬ࡢ⏺㠃άᛶ๣ࡢ྾╔㔞࡟╔┠ࡋࠊࢤࣝ໬ࡢ࣓࢝ࢽࢬ࣒࡟࠾ࡼࡰࡍ⏺㠃άᛶ
๣ࡢᙺ๭࡟ࡘ࠸࡚ゎᯒࡋࡓࠋࡇࢀ࡟ࡼࡾࠊᏳᐃ࡞ங໬≀ࢆㄪ〇ࡍࡿࡓࡵࡢ᭱㐺࡞
㸦᭱ᑠ㔞ࡢ㸧⏺㠃άᛶ๣㔞ࢆồࡵࡿࡇ࡜ࡀྍ⬟࡜࡞ࡗࡓࠋࡉࡽ࡟ࠊࢹ࣓࢝ࢳࣝࢩ
ࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥࡼࡾࡶ࡞ࡵࡽ࠿࡛࡞ࡌࡳࡀࡼ࠸ឤゐࢆᣢࡘࠊ࢖ࢯ࣊࢟ࢧࢹ
࢝ࣥࡢ࢜࢖ࣝࢤࣝࢆ⏝࠸ࡓ W/O ᆺங໬〇๣ࡣࠊࡇࢀࡲ࡛࡟࡞࠸㍍࠸ឤゐࢆ᭷ࡍ
ࡿࡇ࡜ࢆ᳨ドࡋࡓࠋ  
 
4-2. ᐇ㦂  
4-2-1. ヨ⸆  
᭷ᶵኚᛶ⢓ᅵ㖔≀ࡣࢪࢫࢸ࢔ࣝࢪࣔࢽ࣒࢘࣊ࢡࢺࣛ࢖ࢺ㸦Elementis Specialtiesࠊ
௨ᚋ OC㸦Organoclay㸧࡜グ㍕㸧ࢆ⏝࠸ࡓࠋ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࡣࢪ࢖ࢯࢫࢸ࢔
ࣜࣥ㓟࣏࢚ࣜࢳࣞࣥࢢࣜࢥ࣮ࣝ㸦8㸧  㸦᪥ᮏ࢚࣐ࣝࢪࣙࣥࠊ௨ᚋ P8I ࡜グ㍕㸧ࠊ
࣏ࣜ࢜࢟ࢩ࢚ࢳ࣭࣓ࣞࣥࢳ࣏ࣝࣜࢩࣟ࢟ࢧࣥඹ㔜ྜయ  㸦ಙ㉺໬Ꮫᕤᴗࠊ௨ᚋ
P10DM ࡜グ㍕㸧ࢆ⏝࠸ࡓࠋἜศࡣ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ㸦Presperse㸧ࠊࢹ࣓࢝ࢳࣝࢩ
ࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ㸦ಙ㉺໬Ꮫᕤᴗ㸧ࠊὶືࣃࣛࣇ࢕ࣥ㸦᪂᪥ᮏ▼Ἔ㸧ࠊࡑࡢ௚
ࡢᡂศࡣ໬⢝ရ⏝ཎᩱࢆࡑࡢࡲࡲ⏝࠸ࡓࠋ  
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4-2-2.  ࢜࢖ࣝࢤࣝࡢㄪ〇  
࢜࢖ࣝࢤࣝࡣࠊ25Υ࡟࠾࠸࡚ OC ࡟㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣࡜Ἔศࢆຍ࠼ࠊ࣍ࣔ
࣑࢟ࢧ࣮㸦T.K.ROBOMIX® ࠊࣉࣛ࢖࣑ࢡࢫ㸧࡟࡚ 4000rpm ࡛ 1 ศ㛫ᨩᢾࡋ࡚ㄪ
〇ࡋࡓࠋ࢜࢖ࣝࢤࣝ⤌ᡂࡣࠊOC ࡜㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆ Fig.3 ࡟♧ࡋࡓẚ⋡
࡟ࡼࡾ⥲㔞 10㸣࡜ࡋࠊ௚ 90㸣ࢆἜศ㸦࢖ࢯ࣊࢟ࢧࢹ࢝ࣥࠊὶືࣃࣛࣇ࢕ࣥࠊࡲ
ࡓࡣࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ㸧࡟࡚ㄪ〇ࡋࡓࠋ  
4-2-3.  ࢜࢖ࣝࢤࣝࡢ⢓ᗘ ᐃ  
࢜࢖ࣝࢤࣝࡢ⢓ᗘࡣࠊ 25Υ࡟࠾࠸࡚ࣈࣝࢵࢡࣇ࢕࣮ࣝࢻᆺ⢓ᗘィ㸦DIGITAL 
VISMETRON VDA 2ࠊⰪᾆࢭ࣒ࢸࢵࢡ㸧ࢆ⏝࠸࡚ ᐃࡋࡓࠋヨ㦂ᑐ㇟≀ࡢ⢓ᗘ࡟
ࡼࡾୗグࡢ㏻ࡾ࡟⢓ᗘィࢆ౑࠸ศࡅࡓࠋヨ㦂≀ࡢ⢓ᗘࡀ 0 㹼2500 (mPa㺃s)ࡢሙྜࠊ
ࣅࢫ࣓ࢺ࣮ࣟࣥࣟࢱ࣮No.2 ࢆ౑⏝ࡋࠊᅇ㌿ᩘ 12rpmࠊ1 ศ㛫࡛ ᐃࡋࡓࠋヨ㦂≀
ࡢ⢓ᗘࡀ 2500㹼10000 (mPa㺃s)ࡢሙྜࠊࣅࢫ࣓ࢺ࣮ࣟࣥࣟࢱ࣮No.3 ࢆ౑⏝ࡋࠊᅇ
㌿ᩘ 12rpmࠊ1 ศ㛫࡛ ᐃࡋࡓࠋヨ㦂≀ࡢ⢓ᗘࡀ 10000㹼100000 (mPa㺃s)ࡢሙྜࠊ
ࣅࢫ࣓ࢺ࣮ࣟࣥࣟࢱ࣮No.4 ࢆ౑⏝ࡋࠊᅇ㌿ᩘ 12rpmࠊ1 ศ㛫࡛ ᐃࡋࡓࠋヨ㦂≀
ࡢ⢓ᗘࡀ 100000㹼400000 (mPa㺃s)ࡢሙྜࠊVDH ᆺࢆ⏝࠸࡚ࣅࢫ࣓ࢺ࣮ࣟࣥࣟࢱ
࣮No.7 ࢆ౑⏝ࡋࠊᅇ㌿ᩘ 10rpmࠊ1 ศ㛫࡛ ᐃࡋࡓࠋ  
4-2-4.  W/O ᆺங໬〇๣ࡢㄪ〇  
࢜࢖ࣝࢤࣝ࡟Ỉ┦ࢆῧຍࡋࠊ࣑࣍ࣔ࢟ࢧ࣮㸦T.K. ROBOMIX®ࠊࣉࣛ࢖࣑ࢡࢫ㸧
࡟࡚ 4000rpm ࡛ 1 ศ㛫ᨩᢾΰྜࡍࡿࡇ࡜࡛ㄪ〇ࡋࡓࠋ⤌ᡂࡣ Table 1 ࡟♧ࡍࠋ  
4-2-5.  ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᒙ㛫㊥㞳ࡢ ᐃ  
ᑠゅ X ⥺ᩓ஘⿦⨨  (SAXSessࠊAnton Paar)ࢆ⏝࠸࡚ ᐃࢆ⾜ࡗࡓࠋ  
4-2-6.  ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢศᩓ≧ែࡢほᐹ  
Ἔ୰࡟ศᩓࡋࡓ OCࠊࡲࡓࡣ࢜࢖ࣝࢤࣝࢆ㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾㸦VE㸫8800ࠊ࣮࢟
࢚ࣥࢫ㸧ࢆ⏝࠸ࠊຍᅽ㟁ᅽࢆ 2.0kVࠊಸ⋡ࢆ 1000 ಸ࡜ࡋ࡚ほᐹࢆ⾜ࡗࡓࠋ  
4-2-7.  Ἔ୰࡛ࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀࡬ࡢ⏺㠃άᛶ๣ࡢ྾╔㔞ࡢ ᐃ  
࢜࢖ࣝࢤࣝࢆ 25Υ᮲௳ୗ࡛ࠊ10000rpm ࡛ 10 ศ㛫㐲ᚰศ㞳ࡋ࡚ OC ᒙ࡜Ἔศᒙ
࡟ศ㞳ࡉࡏࠊἜศᒙ࡟Ꮡᅾࡍࡿ P8I ࢆ NMR ࡟࡚ᐃ㔞ࡋࠊ௙㎸ࡳ㔞࡜ࡢᕪࢆ྾╔
㔞࡜ࡋࡓࠋ  NMR ࡟ࡼࡿᐃ㔞ࡣࠊእᚄ 5mm ࡢ஧㔜 NMR ヨᩱ⟶㸦WGS-5BLࠊ
WILMAD)ࢆ⏝࠸࡚⾜ࡗࡓࠋෆ⟶࡟ࡣࠊࢡ࣒ࣟࣟ࣍ࣝ -d ࡟ࢡ࣒ࣟࣟ࣍ࣝࢆ 10vol%
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⁐ゎࡉࡏࡓᾮࢆࠊእ⟶࡟ࡣ㐲ᚰศ㞳ࡉࡏࡓἜศᒙࢆධࢀࠊNMR㸦ECA-400 ࠊJOEL 
RESONANCE) ࢆ⏝࠸ࠊἜศᒙ୰ࡢ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥࡢಙྕࢆ DANTE ࣃࣝࢫ࡟
ࡼࡾᾘཤࡋ࡞ࡀࡽࠊ ᐃ ᗘ 30Υࠊほ ࿘Ἴᩘ 6000Hzࠊ45rࣃࣝࢫࠊࣃࣝࢫ⧞
ࡾ㏉ࡋ᫬㛫 12 ⛊ࠊ✚⟬ᅇᩘ 64 ᅇࡢ᮲௳࡛ 1H-NMR ࡢ ᐃࢆ⾜ࡗࡓࠋෆ⟶ࡢࢡ
࣒ࣟࣟ࣍ࣝ -d ࡣศゎ⬟ㄪᩚࠊNMR ࣟࢵࢡ࡟฼⏝ࡋࡓࠋ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ࡟ྛ✀
⃰ᗘࡢ P8I ࢆ⁐ゎࡉࡏࡓᶆ‽⁐ᾮࢆㄪ〇ࡋ࡚ 1H-NMR  ᐃࢆ⾜࠸ࠊᚓࡽࢀࡓࢫ
࣌ࢡࢺࣝࡢෆ⟶୰ࡢࢡ࣒ࣟࣟ࣍ࣝࡢಙྕࡢ㠃✚ࢆෆ㒊ᶆ‽࡜ࡋࠊእ⟶୰ࡢ P8I ࡢ
࢚ࢳࣞࣥ࢜࢟ࢧ࢖ࢻ㙐㒊ࡢಙྕࡢ㠃✚࡜ࡢ᳨㔞⥺ࢆసᡂࡋࠊෆ㒊ᶆ‽ἲ࡟ࡼࡾ
P8I ࡢᐃ㔞ࢆ⾜ࡗࡓࠋ  
4-2-8. ங໬〇๣ࡢሬᕸ᫬ࡢᦶ᧿ຊ ᐃ  
ங໬〇๣ࢆሬᕸࡋࡓ࡜ࡁࡢ࡞ࡌࡳࡢ᪩ࡉ࡜࡭ࡓࡘࡁࢆࠊ ࢺࣛ࢖࣎ࢠ࢔
㸦HEIDON-14DRࠊ᪂ᮾ⛉Ꮫ㸧ࢆ⏝࠸࡚ືⓗᦶ᧿ಀᩘࢆ ᐃࡍࡿࡇ࡜࡛ゎᯒࡋࡓࠋ
ேᕤ⓶㠉㸦ࢧࣉ࣮ࣛࣞࠊฟගࢸࢡࣀࣇ࢓࢖ࣥ㸧ୖ࡟ங໬〇๣ࢆ 25ȣL ஌ࡏࠊࢧࣉ
࣮࡛ࣛࣞそࢃࢀࡓࣉ࣮ࣟࣈࡀࡇࡢங໬〇๣ࢆሬࡾᗈࡆࡿ㝿࡟⏕ࡌࡿືⓗᦶ᧿ಀ
ᩘࢆ ᐃࡋࡓࠋࣉ࣮ࣟࣈࡣ 20g ຍ㔜࡜ࡋࠊሬᕸ㠃✚ 10cm2࡟ᑐࡋ 10cm ࡢ ᚟㐠
ືࢆ⾜࠺タᐃ࡜ࡋ࡚ᐇ㦂ࢆ⾜ࡗࡓࠋᐇ㦂ࡣࡍ࡭࡚ ᗘ 25Υࠊ‵ᗘ 50㸣ࡢᜏ ᜏ
‵ᗘୗ࡛⾜ࡗࡓࠋ  
4-2-9.  ங໬〇๣ࡢᐁ⬟ホ౯  
♫ෆ࡛౑⏝ឤゐホ౯ࢆᑓ㛛ᴗົ࡜ࡍࡿዪᛶ 8 ྡࡢ⿕㦂⪅࡟ࡼࡾࠊங໬〇๣ࢆ㢦
࡟౑⏝ࡋࡓ࡜ࡁࡢࡢࡧࡢⰋࡉࠊἜࡗࡱࡉࠊ⫙࡞ࡌࡳࠊ࡭ࡓࡘࡁࠊ࠺ࡿ࠾࠸ࠊ⫙ࡢ
࡞ࡵࡽ࠿ࡉࡢ 6 㡯┠࡟ࡘ࠸࡚ᐁ⬟ホ౯ࢆ⾜ࡗࡓࠋホ౯ࡣࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱ
ࢩࣟ࢟ࢧࣥ࡜ P10DM ࢆ⏝࠸࡚ㄪ〇ࡋࡓ W/O ங໬〇๣ࢆᇶ‽࡜ࡋࠊ࢖ࢯ࣊࢟ࢧࢹ
࢝ࣥ࡜ P8I ࢆ⏝࠸࡚ㄪ〇ࡋࡓங໬〇๣ࢆୖグ 6 㡯┠࡟ࡘ࠸࡚ྛ 5 ẁ㝵ホ౯࡛ẚ  
㍑ࡋࡓࠋ  
 
4-3.  ⤖ᯝ࡜⪃ᐹ  
4-3-1. ⏺㠃άᛶ๣⃰ᗘ࡜࢜࢖ࣝࢤࣝࡢ⢓ᗘ  
OC ࢆ⏝࠸ࡓ࢜࢖ࣝࢤࣝࡢ⢓ᗘࡣࠊOC ࡟ᑐࡍࡿ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ẚ⋡
(=ratio)࡟౫Ꮡࡋ࡚ኚ໬ࡋࡓࠋྛ✀⏺㠃άᛶ๣ࢆ⏝࠸࡚࢜࢖ࣝࢤࣝࡢᵓ⠏ࢆ᳨ウ
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ࡋࡓ⤖ᯝࠊ࠸ࡃࡘ࠿ࡢ⏺㠃άᛶ๣࡛࢜࢖ࣝࢤࣝࡀㄪ〇࡛ࡁࡓ㸦Fig.3㸧ࠋ⢓ᗘࡢ⤯
ᑐ್ࡸࠊࣆ࣮ࢡࢺࢵࣉ࡜࡞ࡿ ratio ࡣ␗࡞ࡿࡶࡢࡢࠊ࠸ࡎࢀࡢ࢜࢖ࣝࢤ࡛ࣝࡶࠊ
⏺㠃άᛶ๣ẚ⋡ࡀ㧗ࡲࡿ࡟ࡘࢀ࡚⢓ᗘࡀୖ᪼эୗ㝆࡜࠸࠺ࣉࣟࣇ࢓࢖ࣝࢆ♧ࡋ
ࡓࠋἜศ࡟࢖ࢯ࣊࢟ࢧࢹ࢝ࣥࢆ⏝࠸ࠊ✀ࠎ⏺㠃άᛶ๣࡜⤌ࡳྜࢃࡏࡓ⤖ᯝࠊP8I
࡜ࡢ」ྜ໬࡛㧗⢓ᗘ࠿ࡘᆒ୍࡞࢜࢖ࣝࢤࣝࡀᚓࡽࢀࡿࡇ࡜ࢆぢฟࡋࡓࠋ࢖ࢯ࣊࢟
ࢧࢹ࢝ࣥࢆ⏝࠸ࡓ࢜࢖ࣝࢤࣝࡣࠊratio=0.33 ࡟࠾࠸࡚ᴟ኱⢓ᗘࢆ♧ࡋࡓࠋP8I ࡣࠊ
ὶືࣃࣛࣇ࢕ࣥࢆἜศ࡜ࡋ࡚⏝࠸ࡓ⣔࡛ࡶ ratio=0.33࡛⢓ᗘࡀ㧗࠸࢜࢖ࣝࢤࣝࡢ
ᵓ⠏ࢆྍ⬟࡟ࡋࡓࠋ୍᪉ࠊࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥࡢ࢜࢖ࣝࢤࣝ໬࡟
ࡣࠊᚑ᮶⏺㠃άᛶ๣࡜ࡋ࡚ P10DM ࡀ⏝࠸ࡽࢀࡿࡀࠊ ratio=0.8 ࡟࠾࠸࡚ᴟ኱⢓ᗘ
ࢆ♧ࡍࡇ࡜࠿ࡽࠊὶືࣃࣛࣇ࢕ࣥࡢቑ⢓࡜ẚ㍑ࡋ࡚㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆከࡃ
ᚲせ࡜ࡍࡿ࡜࠸࠼ࡿࠋ⏺㠃άᛶ๣࡜Ἔศࡢ⤌ࡳྜࢃࡏࢆኚ᭦ࡋࠊ࢖ࢯ࣊࢟ࢧࢹ࢝
ࣥ࡜ P10DM ࢆ⤌ࡳྜࢃࡏ࡟ࡼࡾᚓࡽࢀࡓ࢜࢖ࣝࢤࣝࡣࠊOC ࡜⏺㠃άᛶ๣㔜㔞
ẚ⋡ࢆኚ໬ࡉࡏ࡚ࡶ⢓ᗘࡀపࡃࠊ⢓ᅵ㖔≀ࡀỿ㝆ࡋࡓ㸦ᴟ኱࡛ 7150mPa࣭s㸧ࠋࡲ
ࡓࠊࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ࡜ P8I ࢆ⤌ࡳྜࢃࡏࡓሙྜ࡟ࡶᏳᐃ࡞
࢜࢖ࣝࢤࣝࡣᚓࡽࢀ࡞࠿ࡗࡓ㸦ᴟ኱࡛ 3930mPa࣭s㸧ࠋࡇࡢࡇ࡜࠿ࡽࠊ࢜࢖ࣝࢤࣝ
ࡢᵓ⠏࡟࠾࠸࡚ࡣࠊἜศ࡜⏺㠃άᛶ๣ࡢ⤌ࡳྜࢃࡏࡀ㔜せ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ 
4-3-2.  ⢓ᅵ㖔≀࡬ࡢ⏺㠃άᛶ๣ࡢ྾╔  
᪂つ࡞࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ㸫P8I ⣔ࡢ࢜࢖ࣝࢤࣝ࡟ࡘ࠸࡚⢓ᅵ㖔≀ࡢᒙ㛫㊥㞳ࠊ
࠾ࡼࡧ⢓ᅵ㖔≀࡬ࡢ P8I ࡢ྾╔⋡ࢆ ᐃࡋࠊ࢜࢖ࣝࢤࣝ⢓ᗘ࡜ࡢ㛵ಀ࡟ࡘ࠸࡚⪃
ᐹࡋࡓࠋཧ⪃ࡲ࡛࡟ࠊOC ཎయ࠾ࡼࡧࠊP8I 7wt%ࠊOC 21wt%ࠊ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ
72wt%࡛ㄪ〇ࡋࡓ࢜࢖ࣝࢤࣝࡢ SAXS ࢹ࣮ࢱࢆ Fig.4 ࡟♧ࡍࠋSAXS  ᐃࡢ⤖ᯝ
࠿ࡽࠊOC ࡟ᑐࡍࡿ P8I ࡢ㔜㔞ẚ⋡ࡀቑ࠼ࡿ࡟ᚑ࠸ࠊ⢓ᅵ㖔≀ࡢᒙ㛫ࡢᣑᙇࡀ☜
ㄆ࡛ࡁࡓࠋᒣཱྀࡽࡣࠊOC ࡟㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆῧຍࡍࡿ࡜⢓ᅵࡢᒙ㛫ࡀᣑ
ᙇࡋࠊratio=0.2 ࡢ࡜ࡁ࡟ᒙ㛫㊥㞳ࡣ᭱኱್࡟㐩ࡋࠊࡇࡢ࡜ࡁ᭱ࡶ㧗⢓ᗘࡢ࢜࢖ࣝ
ࢤࣝࡀㄪ〇ࡉࢀࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋࡑࡢࡓࡵࠊἜ୰࡛⏺㠃άᛶ๣࡜ΰྜࡉࡏࡓ
㝿ࡢ OC ࡢᒙ㛫ࡢᣑᙇࡀࠊ⢓ᗘࡢ㧗࠸Ᏻᐃ࡞࢜࢖ࣝࢤࣝࡢᵓ⠏࡜ࡢ┦㛵ࡀ࠶ࡿ࡜
⪃࠼ࡽࢀ࡚࠸ࡓࠋࡋ࠿ࡋ⯆࿡῝࠸ࡇ࡜࡟ࠊ௒ᅇࡢ⤖ᯝ࡛ࡣᒙ㛫㊥㞳ࡢኚ໬࡜࢜࢖
ࣝࢤࣝࡢ⢓ᗘኚ໬࡟ࡣ┦㛵ࡀぢࡽࢀ࡞࠿ࡗࡓ㸦Fig.5, A㸧  ࠋࡍ࡞ࢃࡕࠊ ratio=0.1
࡛ࡣᒙ㛫ࡢ༑ศ࡞ᣑᙇࡀ☜ㄆ࡛ࡁࡿࡀ࢜࢖ࣝࢤࣝࡣᙧᡂࡉࢀࡎࠊࡲࡓࠊratio=0.4
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௨ୖ࡛ࡣᒙ㛫㊥㞳ࡣ᭱኱್ࢆ࡜ࡗ࡚࠸ࡿࡀ⢓ᗘࡣప࠿ࡗࡓࠋࡇࡢ⤖ᯝࡼࡾࠊᒙ㛫
ࡢᣑᙇࡣ࢜࢖ࣝࢤࣝᙧᡂࡢ༑ศ᮲௳࡛ࡣ࡞࠸ࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ  
ḟ  ࡟ࠊOC ࡟ᑐࡍࡿ P8I ࡢ྾╔⋡ࢆゎᯒࡋࡓࠋ࢜࢖ࣝࢤࣝࢆ㐲ᚰศ㞳ࡋ࡚⢓ᅵ
㖔≀ᒙ࡜Ἔศᒙ࡟ศ㞳ࡉࡏࠊἜศᒙ࡟Ꮡᅾࡍࡿ⏺㠃άᛶ๣㔞ࢆᐃ㔞ࡋࠊ௙㎸ࡳ㔞
࡟ᑐࡍࡿ⢓ᅵ࡬ࡢ྾╔⋡ࢆ⟬ฟࡋࡓࠋFig.5, B ࡟♧ࡍࡼ࠺࡟ࠊ ratio=0.2 ௨ୗ࡛ࡣ
㧗࠸྾╔⋡ࢆ♧ࡋࠊ⣔ࡢ୰ࡢ 95㸣௨ୖࡢ P8I ࡀ⢓ᅵ㖔≀࡟྾╔ࡋ࡚࠸ࡓࠋ
ratio=0.23㹼0.33 ࡢ⠊ᅖ࡟࠾࠸࡚ࡣ྾╔⋡ࡀ㢧ⴭ࡟పୗࡋࠊ྾╔㔞ࡣࣉࣛࢺ࣮࡟
㐩ࡋࡓࠋࡇࡢ⠊ᅖ࡛࢜࢖ࣝࢤࣝࡣᛴ⃭࡟⢓ᗘࡀୖ᪼ࡋࡓࠋratio=0.33㹼࡛ࡣ P8I ࡢ
྾╔㔞ࡣ෌ࡧୖ᪼ࡋࠊ࢜࢖ࣝࢤࣝࡢ⢓ᗘࡣపୗࡋࡓࠋࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊ⢓ᅵ㖔
≀࡬ࡢ P8I ࡢ྾╔ᣲື࡜࢜࢖ࣝࢤࣝࡢ⢓ᗘⓎ⌧࡟ࡘ࠸࡚ḟࡢࡼ࠺࡟⪃ᐹࡋࡓࠋ
ratio=0.2 ௨ୗ࡛ࡣࠊOC ⾲㠃࡬ P8I ࡀ྾╔ࡍࡿࡇ࡜࡛ OC ࡢᒙ㛫ࡀᣑᙇࡋ࡚࠸ࡿ
࡜⪃࠼ࡽࢀࡿࠋࡇࡢ᫬Ⅼ࡛ࡣቑ⢓ࡋ࡞࠸ࠋratio=0.23㹼0.33 ࡟࠾࠸࡚ࡣࠊOC ⾲㠃
࡬ࡢ P8I ࡢ྾╔ࡣ࡯ࡰࣉࣛࢺ࣮࡟㐩ࡋࠊᒙ㛫㊥㞳ࡣ᭱኱್ࢆ࡜ࡗࡓࡲࡲ୙ኚ࡛࠶
ࡿࠋࡍ࡞ࢃࡕࠊOC ⾲㠃࡟྾╔ࡋ࡞࠸ P8I ࡀἜ୰࡟Ꮡᅾࡋጞࡵࠊࡇࢀࡀ⢓ᅵ㖔≀
ྠኈࡢఱࡽ࠿ࡢ┦஫స⏝ࢆಁ㐍ࡋࠊ࢜࢖ࣝࢤࣝࡀᙧᡂࡉࢀࡓ࡜⪃࠼ࡽࢀࡿࠋࡇࡢ
┦஫స⏝࡟ࡘ࠸࡚ࡣࠊP8I ࡢ㏫࣑ࢭࣝ࡟ࡼࡿ⢓ᅵ㖔≀⢏Ꮚࡢᯫᶫ࡛ࡣ࡞࠸࠿࡜⪃
࠼࡚࠸ࡿࡀࠊ⌧᫬Ⅼ࡛ᐇド࡛ࡁ࡚࠸࡞࠸ࠋratio=0.33㹼࡛ࡣ P8I ࡢ OC ࡬ࡢ྾╔ࡀ
෌ࡧୖ᪼ࡋ࡚࠸ࡿࡀࠊࡇࢀࡣἜ୰࡟Ꮡᅾࡍࡿከ㔞ࡢ㏫࣑ࢭࣝࡀ OC ࡬྾╔ࠊᯫᶫ
ࢆゎᾘࡍࡿࡇ࡜࡛ศᩓᛶࡀࡉࡽ࡟ྥୖࡋࠊ࢜࢖ࣝࢤࣝࢆᔂቯࡉࡏࡓ࡜⪃࠼ࡽࢀࡿࠋ 
4-3-3.  ⏺㠃άᛶ๣࡟ࡼࡿ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢศᩓ  
P8I ࡢ㔜㔞ẚ⋡ࡀ␗࡞ࡿྛⅬ࡛ࡢ OC ࡢ≧ែࢆࠊSEM ࢆ⏝࠸࡚ほᐹࡋࡓ⤖ᯝࢆ
Fig. 6 ࡟♧ࡍࠋP8I ࡀᏑᅾࡋ࡞࠸᮲௳㸦Fig.6 A㸧࡛ࡣ OC ࡣจ㞟యࢆᙧᡂࡋ࡚࠸
ࡿࠋࡋ࠿ࡋࠊ⏺㠃άᛶ๣ࡢῧຍ㔞࡟ẚ౛ࡋ࡚ศᩓᛶࡀྥୖࠊratio=0.1 ࡛ࡣ୍㒊ศ
ᩓࡋࡓ OC⢏Ꮚࡀㄆࡵࡽࢀࠊ⏺㠃άᛶ๣ࡢ OC࡬ࡢ྾╔ࡀࣉࣛࢺ࣮࡟࡞ࡿ ratio=0.3 
(C)࡛ࡣࠊOC ඲యࡀ࡯ࡰศᩓࡉࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊP8I ࡀ㐣๫࡞ ratio=0.7 (D)࡛
ࡣࠊࡼࡾᆒ୍࡟ OC ࡣศᩓࡉࢀ࡚࠸ࡿࡀࠊ࢜࢖ࣝࢤࣝࡢ⢓ᗘࡣῶᑡࡋࡓࠋࡇࡢࡼ
࠺࡟ࠊP8I ࡣ OC ࢆจ㞟ࡋࡓ≧ែ࠿ࡽᆒ୍࡟ศᩓࡉࡏࡿస⏝ࢆ᭷ࡋ࡚࠸ࡿࡀࠊ࢜
࢖ࣝࢤࣝࡢᙧᡂ࡟࠾࠸࡚ࡣࠊ⏺㠃άᛶ๣࡟ࡼࡾ OC ࡀ㐺ᗘ࡟ศᩓࡉࢀࡿࡇ࡜ࡀ㔜
せ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
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4-3-4.  ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ࡜ P8I ࢆ⤌ࡳྜࢃࡏࡓ࢜࢖ࣝࢤࣝࢆ⏝࠸ࡓ W/O ᆺங
໬〇๣ࡢ౑⏝ឤゐホ౯  
 ⢓ᗘࡀᴟ኱್ࢆ♧ࡍẚ⋡࡛ㄪ〇ࡋࡓ࢜࢖ࣝࢤࣝ࡟Ỉࢆῧຍࡋࠊங໬≀ࢆㄪ〇ࡍ
ࢀࡤࠊ᭱ࡶᏳᐃ࡞ W/O ᆺ࢚࣐ࣝࢩࣙࣥࡀㄪ〇࡛ࡁࡿ࡜⪃࠼ࡽࢀࡿࠋW/O ᆺ࢚࣐
ࣝࢩࣙࣥࡢឤゐホ౯ࢆࡍࡿ๓࡟ࠊᴟ኱⢓ᗘࢆ♧ࡍྛ✀࢜࢖ࣝࢤࣝࡢឤゐࢆㄪ࡭ࡓࠋ
ὶືࣃࣛࣇ࢕ࣥ࡜ P8I ࡢ」ྜయ࡟ࡼࡿ࢜࢖ࣝࢤࣝࡣࠊὶືࣃࣛࣇ࢕ࣥ⏤᮶ࡢἜࡗ
ࡱࡉࠊ࡭ࡓࡘࡁࠊ⫙࡞ࡌࡳࡢᝏࡉࡀឤࡌࡽࢀࡓࠋࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟
ࢧࣥ࡜ P10DM ࡢ」ྜయ࡟ࡼࡿ࢜࢖ࣝࢤࣝࡣࠊὶືࣃࣛࣇ࢕ࣥࡢ࢜࢖ࣝࢤࣝ࡜ẚ
㍑ࡋ࡚Ἔࡗࡱࡉࡣపῶࡉࢀࡓࡀࠊ⏺㠃άᛶ๣ࡢ㓄ྜ㔞ࡀከ࠸ࡓࡵ࡟ࠊ⏺㠃άᛶ๣
⏤᮶ࡢ࡭ࡓࡘࡁࡀឤࡌࡽࢀࡓࠋࡲࡓࠊࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ࡜
P10DM ࡢ」ྜయ࡟ࡼࡿ࢜࢖ࣝࢤࣝ࡟࠾࠸࡚ࠊ⏺㠃άᛶ๣ẚ⋡ࢆᴟ኱⢓ᗘࢆ♧ࡍ
ratio=0.8 ࡼࡾࡶῶ㔞ࡋࡓ⤖ᯝࠊ⢓ᅵ㖔≀ࡀỿ㝆ࡋࡓࠋࡘࡲࡾࠊࢹ࣓࢝ࢳࣝࢩࢡࣟ
࣌ࣥࢱࢩࣟ࢟ࢧࣥࡢ࢜࢖ࣝࢤࣝ࠿ࡽᵓ⠏ࡉࢀࡿங໬〇๣࡟࠾࠸࡚ࠊ࡭ࡓࡘࡁࡢప
ῶࢆ┠ⓗ࡜ࡋࡓ⏺㠃άᛶ๣ࡢῶ㔞ࡣ࢜࢖ࣝࢤࣝࡢ⢓ᗘపୗ࡟ࡘ࡞ࡀࡾࠊᚓࡽࢀࡿ
ங໬〇๣ࡶྠᵝ࡟Ᏻᐃᛶࢆ⥔ᣢ࡛ࡁ࡞࠸࡜⪃࠼ࡽࢀࡿࠋᑐࡋ࡚ࠊ࢖ࢯ࣊࢟ࢧࢹ࢝
ࣥ࡜ P8I ࡢ」ྜయ࡟ࡼࡿ࢜࢖ࣝࢤࣝࡣࠊࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ࡜
P10DM ࡢ」ྜయ࡟ࡼࡿ࢜࢖ࣝࢤࣝ࡟ẚ࡭࡚ᑡ࡞࠸⏺㠃άᛶ๣㔞࡛ᴟ኱⢓ᗘࢆ♧
ࡍࡇ࡜࠿ࡽࠊ⏺㠃άᛶ๣ࡢ࡭ࡓࡘࡁࡀపῶࡉࢀࠊࡉࡗࡥࡾ࡜ࡋࡓឤゐࡢ࢜࢖ࣝࢤ
ࣝࡀㄪ〇ࡉࢀࡓࠋ  
࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ࡜ P8I ࢆ⤌ࡳྜࢃࡏࡓ᪂つ࡞࢜࢖ࣝࢤࣝࢆ⏝࠸࡚ᚓࡽࢀࡓ
W/O ᆺங໬ࢡ࣮࣒ࣜ (㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ 2.0㸣 )࡟࠾࠸࡚ࠊ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ
ࡢ୍㒊ࢆⅣ໬Ỉ⣲Ἔศࡸࢩࣜࢥ࣮ࣥἜศ࡬ࡢ⨨᥮㓄ྜࡀྍ⬟࡛࠶ࡗࡓࠋ࢖ࢯ࣊࢟
ࢧࢹ࢝ࣥ༢⊂࡛Ἔ┦ࢆᵓᡂࡍࡿࡼࡾࡶࠊ࢖ࢯࢻࢹ࢝ࣥࡸࢪ࣓ࢳࢥࣥࢆᑡ㔞ῧຍࡋ
ࡓ࡯࠺ࡀࠊ⫙࡞ࡌࡳࡀⰋࡃ࡭ࡓࡘ࠿࡞࠸≉ᚩࢆⓎ᥹࡛ࡁࡿங໬〇๣ࡢᵓ⠏࡟ࡣຠ
ᯝⓗ࡛࠶ࡗࡓࠋᚓࡽࢀࡓ W/O ᆺங໬ࢡ࣮࣒ࣜࡢ౑⏝ឤゐ㸦ሬᕸࡋࡓሙྜࡢ⫙࡞
ࡌࡳ࡜࡭ࡓࡘࡁ㸧࡟ࡘ࠸࡚ࠊᚑ᮶࡭ࡓࡘࡁࡀᑡ࡞࠸࡜ゝࢃࢀ࡚࠸ࡓࢹ࣓࢝ࢳࣝࢩ
ࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ࡜ P10DM ࡢ⤌ࡳྜࢃࡏ࡟ࡼࡿ࢜࢖ࣝࢤࣝࢆ⏝࠸࡚ᚓࡽࢀ
ࡓࢡ࣮࣒ࣜ㸦㠀࢖࢜ࣥᛶᛶ⏺㠃άᛶ๣ 3.0㸣 )࡜ẚ㍑ホ౯ࢆ⾜ࡗࡓࠋẚ㍑ࡋࡓࢡࣜ
࣮࣒ࡢฎ᪉ࢆ Table1 ࡟♧ࡍࠋேᕤ⓶㠉ୖ࡛ࡢࡑࢀࡒࢀࡢࢡ࣮࣒ࣜࡢᦶ᧿ಀᩘࡢ
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ኚ໬ࢆ Fig.7 ࡟♧ࡋࡓࠋሬᕸ┤ᚋ࡛ࡣࠊࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ
/P10DM ⣔ࢡ࣮࣒ࣜ࡜ྠᵝࡢᣲືࢆ♧ࡋࡓࠋࡋ࠿ࡋࠊ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ /P8I ⣔ࡣ
᪩࠸ẁ㝵࡛పୗ࡟㌿ࡌࠊప࡛ࣞ࣋ࣝ᥎⛣ࡋࡓࠋࡍ࡞ࢃࡕࠊ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ /P8I
⣔ங໬〇๣ࡣࠊᚑ᮶ᢏ⾡࡛ᚓࡽࢀࡓࡉࡗࡥࡾࡋࡓࢡ࣮࣒ࣜࡼࡾࡶ᭦࡟⫙࡞ࡌࡳࡀ
Ⰻࡃࠊ࡭ࡓࡘࡁࡀᑡ࡞࠸ࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇࢀࡣࠊ᪂つ࡞࢜࢖ࣝࢤࣝࡀࢹ࣓࢝ࢳ
ࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥࡼࡾࡶ⫙࡞ࡌࡳࡢⰋ࠸࢖ࢯ࣊࢟ࢧࢹ࡛࢝ࣥᵓ⠏ࡉࢀ
ࡓࡇ࡜࡟ຍ࠼ࠊ⏺㠃άᛶ๣࡟ P8I ࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡛ᚑ᮶ࡼࡾࡶᏳᐃ໬࡟ᚲ㡲
࡛࠶ࡗࡓ⏺㠃άᛶ๣㔞ࢆῶ㔞࡛ࡁࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋࡇࡢࡇ࡜ࡣࠊࢡ࣮࣒ࣜࡢ
ᐁ⬟ᛶࣃࢿࣝࢸࢫࢺ࡟࠾࠸࡚ࠊࣃࢿࣜࢫࢺࡀሬᕸ୰࡟⫙࡞ࡌࡳࡢⰋࡉࢆᐇឤ࡛ࡁ
ࡓ⤖ᯝ࡜୍⮴ࡋ࡚࠸ࡓ (Fig. 8)ࠋ  
 
4-4. ⤖ゝ  
OC ࡟ࡼࡿ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥࡢࢤࣝ໬࡜ࠊࡑࡢ࢜࢖ࣝࢤࣝ࠿ࡽᚓࡽࢀࡿ W/O ᆺ
ங໬〇๣࡟ࡘ࠸࡚◊✲ࢆ⾜࠸ࠊ⏺㠃άᛶ๣࡜ࡋ࡚ P8I ࢆ⏝࠸ࡿ࡜ᑡ࡞࠸⏺㠃άᛶ
๣㔞࡛Ᏻᐃ࡞࢜࢖ࣝࢤࣝ࡜ங໬〇๣ࡀᚓࡽࢀࡿࡇ࡜ࢆぢฟࡋࡓࠋᚓࡽࢀࡓங໬〇
๣ࡣࠊᚑ᮶ࡢࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ /P10DM ⣔ࡢங໬〇๣ࡼࡾࡶ࡭
ࡓࡘࡁࡀᑡ࡞ࡃࠊ⫙࡞ࡌࡳࡶⰋ࠿ࡗࡓࠋࡉࡽ࡟ࠊ᪂つ࡟ᚓࡽࢀࡓ࢜࢖ࣝࢤࣝ࡟࠾
࠸࡚⏺㠃άᛶ๣ P8I ࡣࠊOC ࡢᒙ㛫ࡢᣑᙇ࡜ࠊࡑࡢἜศ୰࡛ࡢศᩓಁ㐍࡟ᐤ୚ࡍ
ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋࡇࡢ P8I ࢆ⏝࠸ࡓ᪂つ࡞࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ⣔ࡢࢡ࣮࣒ࣜࡣࠊ
ࢫ࢟ࣥࢣ࢔ࡢࡳ࡛࡞ࡃࠊ⪏Ỉᛶࡢ࠶ࡿࢧࣥࢣ࢔〇๣ࡸࣇ࢓ࣥࢹ࣮ࢩࣙࣥ࡟ࡶᛂ⏝
ࡀྍ⬟࡛࠶ࡾࠊᚑ᮶ࡼࡾࡶ࡭ࡓࡘࡁࡀᑡ࡞ࡃ⫙࡞ࡌࡳࡢࡼ࠸໬⢝ရࢆᥦ౪࡛ࡁࡿ
ࡼ࠺࡟࡞ࡿࠋࡲࡓࠊࡇࡢங໬〇๣ࡣ⨾ⓑ⸆๣ࡢࡼ࠺࡞᭷ຠᡂศࡶᏳᐃ࡟㓄ྜ࡛ࡁ
ࡿࡓࡵࠊඃࢀࡓ౑⏝ឤゐ࡜࡜ࡶ࡟⸆⌮ຠᯝࢆᥦ౪ࡍࡿࡇ࡜ࡀᮇᚅ࡛ࡁࡿࠋ  
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Fig 3 The viscosity of oil-gel prepared from the various mixing
ratios of nonionic surfactants / OC. Surfactant for
cyclomethicone was PEG-10 dimethicone, that for
isohexadecane and liquid paraffin was PEG8 diisostearate,
respectively. Stable oil-gels were shown by the dash lines.
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Fig 4 Comparison of the inclusion compound and OC
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Fig 5 (A) The interlayer distance of OC, the viscosity of oil-gel
prepared from the various mixing ratios of PEG-8 diisostearate
(P8I) / OC. (B) The adsorption ratios of P8I on OC and free P8I
in the systems.
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Fig 6 SEM observation of oil-gel prepared from P8I / isohexadecane
with various mixing ratios of P8I / OC. The ratios were shown at the
lower left corners of individual photographs.
A
B
C
D
0.2
0.4
0.6
0 0.5 1 1.5 2 2.5
A
m
ou
nt
 o
f a
ds
or
be
d 
su
rf
ac
ta
nt
(g
)
Surfactant concentration in oil phase (wt%)
84
Table 1 Formulae of the W/O type emulsions prepared in this study 
Ingredients
Dimethicone
type (%)
Isohexadecane
type(%)
Water
Alcohol 
Glycerin
Butylene glycol
Disteardimonium hectorite (OC)
Polyoxyethylene䞉methylpolysiloxane
Copolymer (P10DM)
Polyethyleneglycol (8) diisostearates (P8I)
Isohexadecane - 10
Isododecane - 13
Dimethicone
Decamethyl cyclopentasiloxane
EDTA
Phenoxyethanol
58.38
3
3
5
2.1
3
-
-
-
2
23
0.02
0.5
59.35
3
3
5
2.1
1.5
0.1
10
13
2
-
0.05
0.5
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Fig 7 Changes in the frictional properties of the emulsions on
artificial skin. The blue and red lines represent the friction of
conventional cyclomethicone oil-gel and isohexadecane oil-gel
systems, respectively. The friction of the latter was found to be
lower than that of the former.
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Fig 8 Results of sensory texture evaluation of isohexadecane / P8I
formula. Eight experienced panels compared the formulae with
cyclomethicone / P10DM formula as the control by 6 evaluation
items and graded their impressions into 5 grades; better, good, no
difference, bad, and worse. The 6 evaluation items were spreading
character, non-oily feeling, skin compatibility, non-stickiness,
moisture providing ability, and smooth after application. The non-
stickiness and skin compatibility of isohexadecane / P8I formula was
found to be better than that of cyclomethicone / P10DM.
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5 ❶ O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇࡜ࡑࡢ໬⢝ရ࡬ࡢᛂ⏝  
 
5-1㸬⥴ゝ  
5-1-1. ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ࡜ࡣ  
 ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ࡜ࡣࠊከ┦࢚࣐ࣝࢩࣙࣥࠊ」ྜ࢚࣐ࣝࢩࣙࣥ࡜ࡶゝࢃ
ࢀࠊỈ┦୰࡟ W/O ᆺ࢚࣐ࣝࢩࣙࣥࡀศᩓࡋࡓ W/O/W ᆺ࡜ࠊἜ┦୰࡟ O/W ᆺ࢚
࣐ࣝࢩࣙࣥࡀศᩓࡋࡓ O/W/O ᆺ࡜ࡀᏑᅾࡍࡿࠋW/O/WࠊO/W/O ᆺ୧⪅ࢆẚ㍑ࡍ
ࡿ࡜ࠊW/O/W ᆺࡢ࡯࠺ࡀẚ㍑ⓗ◊✲ࡀ㐍ࢇ࡛࠾ࡾࠊ≉チࡸᩥ⊩ᩘࡶከ࠸  1-3 ࠋ
ᚋ㏙ࡍࡿࡼ࠺࡟ࠊᕤᴗⓗ࡟ࡣᵝࠎ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᛂ⏝౛ࡀ࠶ࡾࠊ໬
⢝ရ࡜ࡋ࡚ࡶ༢⣧࡞ O/W ࡲࡓࡣ W/Oᆺ࡟ࡣ࡞࠸ᶵ⬟ࡸឤゐࡀᚓࡽࢀࡿྍ⬟ᛶࡀ
࠶ࡾࠊྂࡃ࠿ࡽ◊✲ࡀ⾜ࢃࢀ࡚࠸ࡿࡶࡢࡢࠊ〇ရ໬ࡉࢀࡓ౛ࡣ㠀ᖖ࡟ᑡ࡞࠸ࠋࡇ
ࡇ࡛ࡣࠊࡲࡎ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ໬⢝ရ௨እ࡛ࡢᛂ⏝౛࡜Ᏻᐃ໬࡟ࡘ࠸࡚
ࡢ▱ぢࢆ㏙࡭ࡿࠋḟ࡟ࠊᐇ㝿࡟ᡃࠎࡀ◊✲ࡋࡓෆᐜ࡟ࡘ࠸࡚㏙࡭ࡿࠋ࡞࠾ࠊࡇࡇ
࡛ࡣෆഃࡢ┦࠿ࡽ㡰࡟ࠊෆ┦ࠊ୰㛫┦ࠊእ┦࡜࿧ࡪࡇ࡜࡟ࡍࡿ㸦Fig.1㸧ࠋ  
5-1-2. ᕤᴗⓗ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᛂ⏝  
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ࡟ࡘ࠸࡚ࡣࠊ1925 ᖺ࡟ࡑࡢᏑᅾࡀ☜ㄆࡉࢀୡ࡟▱ࡽ
ࢀࡿࡼ࠺࡟࡞ࡗࡓࡀࠊάⓎ࡞◊✲ࡀ⾜ࢃࢀࡿࡼ࠺࡟࡞ࡗࡓࡢࡣ 1960 ᖺ௦ᚋ༙࠿
ࡽ࡛࠶ࡿࠋ⸆Ꮫศ㔝࡛ࡣ᭱ෆ┦࡟⸆๣ࢆ㓄ྜࡍࡿࡇ࡜࡟ࡼࡿ୙Ᏻᐃ⸆๣ࡢᏳᐃ໬
4 ࡸ㓝⣲ࡢᅛᐃ໬ 5ࠊ⸆๣ࡢᚎᨺ໬ࢆ┠ⓗ࡜ࡋࡓࢻࣛࢵࢢࢹࣜࣂ࣮ࣜࢩࢫࢸ࣒࡬
ࡢᛂ⏝ 6-12ࢆࠊ㣗ရศ㔝࡛ࡣ࣍࢖ࢵࣉࢡ࣮࣒ࣜࠊࣂࢱ࣮➼ࡢࢸࢡࢫࢳ࣮ࣕᨵၿ 13-
14, ࡀከࡃሗ࿌ࡉࢀ࡚࠸ࡿࠋᗫᾮฎ⌮࡞࡝ࡢศ㔝࡛ࡣࠊⷧ࠸୰㛫⭷ࢆ㏻ࡋ࡚ෆእ
┦㛫ࢆ≀㉁ࡀ⛣ືࡍࡿࡇ࡜ࢆ฼⏝ࡋࡓᾮ⭷ศ㞳ἲ 15-17 ࡟ࡘ࠸࡚ヲࡋࡃ◊✲ࡉࢀ
࡚࠸ࡿࠋࡲࡓࠊ୰㛫┦඲యࢆᅛ໬ࡋ࡚࢝ࣉࢭࣝෆ㒊࡟⢏Ꮚࢆྵࡴከ᰾࣐࢖ࢡࣟ࢝
ࣉࢭࣝࢆㄪ〇ࡍࡿᡭἲ 18 ࡸࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ୰㛫┦࡜እ┦ࡢ⏺㠃࡛
㔜ྜ཯ᛂࢆ㉳ࡇࡋ࡚୰✵ࡢ࣐࢖ࢡࣟ࢝ࣉࢭࣝࢆㄪ〇ࡍࡿᡭἲ 19 ࡶ◊✲ࡉࢀ࡚࠸
ࡿࠋ  
5-1-3. ୍⯡ⓗ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇ἲ  
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇ἲ࡟ࡣࠊ኱ࡁࡃศࡅ࡚ 1 ẁ㝵ங໬ἲ㸦Single Step
ἲ㸧࡜ 2 ẁ㝵ங໬ἲ㸦Double Step ἲ㸧ࡀ࠶ࡿࠋSingle Step ἲࡣࠊ୍ᗘࡢங໬ᕤ⛬
࡛࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆᚓࡿ᪉ἲ࡛ࠊW/O/W ᆺ࡛࠶ࢀࡤࠊἜ┦࡟Ỉ┦ࢆῧ
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ຍࡋ࡚ࡺࡁࠊW/O ᆺ࠿ࡽ O/W ᆺ࡬㌿┦ࡉࡏ࡚ㄪ〇ࡍࡿ 13,20ࠋෆእ┦ࡢ⤌ᡂࡣྠ
୍࡛࠶ࡾࠊࡲࡓ⏝࠸ࡿ⏺㠃άᛶ๣ࠊἜศࡢ㔞ࡸ✀㢮࡟ࡼࡗ࡚ྛ┦ࡢẚ⋡ࡣ࡯ࡰỴ
ࡲࡗ࡚ࡃࡿ 21ࠋ  
Double Step ἲ㸦Fig.2㸧ࡣࠊጞࡵ࡟ㄪ〇㸦1 ḟங໬㸧ࡋࡓ࢚࣐ࣝࢩࣙࣥࢆࠊእ┦
࡜࡞ࡿᾮయ୰࡟෌ங໬㸦2 ḟங໬㸧ࡍࡿࡇ࡜࡛ᚓࡽࢀࡿࠋ1 ḟங໬࡛ᚓࡽࢀࡓ࢚
࣐ࣝࢩࣙࣥࢆ◚ቯࡏࡎ࡟࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡍࡿࡓࡵ࡟ࡣࠊ1 ḟங໬
ࡼࡾࡶ 2 ḟங໬ࡢࡏࢇ᩿ຊࢆᑠࡉࡃࡍࡿᚲせࡀ࠶ࡿࠋᚤ⣽࡞ 1 ḟ⢏Ꮚࢆㄪ〇ࡍ
ࡿࡓࡵ࡟ࠊ1 ḟங໬࡛ D ┦ங໬ἲ 22ࡸ㧗ᅽ࣍ࣔࢪࢼ࢖ࢨ࣮ࢆ⏝࠸ࡿᡭἲ 23 ࡶࠊ
O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇ἲ࡜ࡋ࡚ሗ࿌ࡉࢀ࡚࠸ࡿࠋDouble Step
ἲ࡛ࡣࠊྛ┦ࡢ⤌ᡂẚࡀẚ㍑ⓗ⮬⏤࡟ࢥࣥࢺ࣮࡛ࣟࣝࡁࡿࡇ࡜ࠊෆ┦ẚࡢ㧗࠸࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡀ෌⌧Ⰻࡃㄪ〇࡛ࡁࡿࡇ࡜ࠊぶἜᛶཬࡧぶỈᛶ⏺㠃άᛶ๣
ࢆ W/OࠊO/W ⏺㠃࡟ຠ⋡Ⰻࡃ྾╔࡛ࡁࡿࡓࡵ࡟Ᏻᐃᛶࢆಖࡕࡸࡍ࠸ࡇ࡜࡞࡝࠿
ࡽࠊSingle Step ἲࡼࡾࡶከ⏝ࡉࢀ࡚࠸ࡿࠋ  
ࡋ࠿ࡋ࡞ࡀࡽࠊSingle Step ἲ࡛࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡋࡓᚋ࡟ࠊ୰㛫
┦࡜እ┦ࡢ⏺㠃࡟྾╔ࡋ࡚Ᏻᐃ໬ࡉࡏࡿࡼ࠺࡞㧗ศᏊࡢ⏺㠃άᛶ๣ࢆእ┦୰࡟
ᚋῧຍࡍࡿࡇ࡜࡛ࠊ⡆౽࡟⤒᫬Ᏻᐃᛶ࡟ඃࢀࡓ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡍ
ࡿ᪉ἲࡶᥦ᱌ࡉࢀ࡚࠸ࡿ 24ࠋ  
ࡇࡢ௚ࠊ⣽⟶ࢆẁ㝵ⓗ࡟஧ࡘ⧅ࡂࠊෆ┦࡜࡞ࡿᾮయࢆ⣽⟶ࢆ㏻ࡋ࡚୰㛫┦࡜࡞ࡿ
ᾮయ୰࡟⁲ୗࡋࠊࡇࢀࢆࡉࡽ࡟እ┦࡜࡞ࡿᾮయ୰࡟⁲ୗࡍࡿࡇ࡜࡛ࠊ⢏Ꮚᚄࡢᥞ
ࡗࡓ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆ⡆౽࡟ㄪ〇ࡍࡿ᪉ἲࡶሗ࿌ࡉࢀ࡚࠸ࡿ 25ࠋ  
5-1-4. ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᏳᐃ໬ᢏ⾡  
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᐇ⏝໬࡟࠾࠸࡚᭱ࠊ ࡶ኱ࡁ࡞㞀ᐖࡣࡑࡢᏳᐃᛶ࡛࠶
ࡿࠋFig.3 ࡟࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ඾ᆺⓗ࡞୙Ᏻᐃ໬⤒㊰ࢆ♧ࡍ 26ࠋෆ┦ࡢ
ྜ୍  (a)ࠊ୰㛫┦ࡢྜ୍㸦b㸧ࠊእ┦࠿ࡽෆ┦࡬ࡢ࣐࢖ࢢ࣮ࣞࢩࣙࣥ㸦 c㸧ࠊෆ┦࠿
ࡽእ┦࡬ࡢ࣐࢖ࢢ࣮ࣞࢩࣙࣥ㸦d㸧ࠊཬࡧࠊࡇࢀࡽࡢ」ྜ⤒㊰࡟ࡼࡾࠊ᭱⤊ⓗ࡟ෆ
┦ࡀእ┦࡟྾཰ࡉࢀ࡚ O/W ᆺࠊW/O ᆺࡢ༢⣧࢚࣐ࣝࢩࣙࣥ࡟ኚ໬ࡍࡿࠊ࠶ࡿ࠸
ࡣศ㞳ࡀ㉳ࡇࡿࠋ௨ୗ࡟ࠊ⤒᫬ᏳᐃᛶࡢⰋዲ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡍ
ࡿࡓࡵࡢ࣏࢖ࣥࢺ࡟ࡘ࠸࡚㏙࡭ࡿࠋ  
5-1-4-1. ⏺㠃άᛶ๣ࡢ㑅ᢥ࡜㓄ྜ㔞  
⏝࠸ࡿ⏺㠃άᛶ๣ࡢ✀㢮ࡸ㔞ࡣࠊ඲࡚ࡢ୙Ᏻᐃ໬⤒㊰࡟኱ࡁ࡞ᙳ㡪ࢆཬࡰࡍࠋ
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ࡲࡎࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥㄪ〇࡟㐺ࡋࡓ⏺㠃άᛶ๣ࡢ㑅ࡧ᪉࡟ࡘ࠸࡚㏙࡭ࡿࠋ 
ᏳᐃᛶࡢⰋዲ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡍࡿ࡟ࡣࠊぶỈᛶ⏺㠃άᛶ๣࡜ぶ
Ἔᛶ⏺㠃άᛶ๣ࡢే⏝ࡀᚲ㡲࡛࠶ࡾࠊࡑࡢሙྜ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⏺㠃ࡣࠊ
ᅗ 5 ࡟♧ࡍࡼ࠺࡟ぶỈ࣭ぶἜᛶ⏺㠃άᛶ๣ࡢ୧᪉ࡀ྾╔ࡋࡓ≧ែ࡜⪃࠼ࡽࢀࡿࠋ
ྜ୍ࡸ࣐࢖ࢢ࣮ࣞࢩࣙࣥࢆ࡛ࡁࡿࡔࡅᢚไࡍࡿ࡟ࡣࠊ⏝࠸ࡿ⏺㠃άᛶ๣ࡀ௨ୗࡢ
᮲௳࡟࠶࡚ࡣࡲࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿ 27-28ࠋ  
a)  ぶἜᛶ⏺㠃άᛶ๣ࡀᏳᐃᛶࡢⰋዲ࡞ W/O ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ྍ⬟  
b)  ぶỈᛶ⏺㠃άᛶ๣ࡢ HLB ࡀ 15 ௨ୖ  
c)  ぶỈᛶ⏺㠃άᛶ๣ࡢἜ┦࡬ࡢ⁐ゎᗘࡀప࠸  
d)  ぶỈᛶ⏺㠃άᛶ๣ࡢศᏊ㔞ࡀ኱ࡁ࠸  
࢖࢜ࣥᛶࠊ㠀࢖࢜ࣥᛶ࡟㛵ࢃࡽࡎ౑⏝ྍ⬟࡛࠶ࡿࡀࠊ㠀࢖࢜ࣥᛶࡢ᪉ࡀ୍⯡ⓗ࡟
ศᏊ㔞ࡀ኱ࡁ࠸ࡇ࡜ࠊࡲࡓ㣗ရࠊ໬⢝ရศ㔝࡛ࡣᏳ඲ᛶࡢほⅬ࠿ࡽࠊ་⸆ရ࡛ࡶ
࢖࢜ࣥᛶ⸆๣࡜ࡢ┦஫స⏝ࢆᢚไࡍࡿほⅬ࠿ࡽࠊ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࡀ⏝࠸ࡽ
ࢀࡿࡇ࡜ࡀከ࠸ࠋ  
ḟ࡟ࠊ⏺㠃άᛶ๣ࡢ㓄ྜ㔞࡟ࡘ࠸࡚㏙࡭ࡿࠋW/O ᆺ࢚࣐ࣝࢩࣙࣥࡣぶỈᛶ⏺㠃ά
ᛶ๣࡟ࡼࡾᐜ᫆࡟୙Ᏻᐃ໬ࡉࢀࡿࡓࡵࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᆺ࡟㛵ࢃࡽࡎࠊ
ぶỈᛶ⏺㠃άᛶ๣ࡣ࡛ࡁࡿࡔࡅᑡ࡞ࡃࠊぶἜᛶ⏺㠃άᛶ๣ࡣ༢⣧ W/O ᆺ࢚࣐ࣝ
ࢩࣙࣥࢆㄪ〇ࡍࡿ㝿ࡼࡾࡶከࡵ࡟⏝࠸ࡿᚲせࡀ࠶ࡿ 29-31୍ࠋ ᪉ 2 ḟங໬࡟⏝࠸ࡿ
ぶἜᛶ⏺㠃άᛶ๣ࡣࠊẚ㍑ⓗከ㔞࡟Ꮡᅾࡋ࡚ࡶぶỈᛶ⏺㠃άᛶ๣࡯࡝⣔ࡢᏳᐃᛶ
࡟኱ࡁࡃᐤ୚ࡋ࡞࠸ࠋࡓࡔࡋࠊW/O/W ᆺ࢚࣐ࣝࢩࣙࣥࡢෆ࣭እỈ┦࡟ሷ⃰ᗘᕪ
ࡀ࠶ࡿሙྜࡣࠊᾐ㏱ᅽ࡟ࡼࡾỈ┦ࡢ⛣⾜ࡣ୍᪉⾜࡟ඃඛⓗ࡟㉳ࡇࡿࡢ࡛ࠊἜ┦୰
ࡢぶἜᛶ⏺㠃άᛶ๣⃰ᗘࡀ㧗࠸࡜Ἔ┦୰࡟ྍ⁐໬ࡉࢀࡿỈ┦㔞ࡀቑ኱ࡋࠊ⛣⾜㏿
ᗘࡀ㧗ࡲࡾ୙Ᏻᐃ໬ࡍࡿࠋ  
5-1-4-2. ቑ⢓๣  
ቑ⢓๣ࡢ㓄ྜࡣࠊྜ୍ࢆᢚไࡍࡿࠊࡉࡽ࡟ෆ࣭እ┦㛫ࡢ⛣⾜㏿ᗘࢆపୗࡉࡏ࡚࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᏳᐃᛶࢆྥୖࡉࡏࡿࡢ࡟ຠᯝⓗ࡛࠶ࡿࠋO/W/O ᆺ࢚࣐
ࣝࢩࣙࣥࡢሙྜ࡟ࡣࠊᮏ❶࡛㏙࡭ࡿ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡸࠊࢩࣜࢥ࣮ࣥἜࢆቑ⢓ࡍ
ࡿᯫᶫᆺ࣏࢚࣮ࣜࢸࣝኚᛶࢩࣜࢥ࣮ࣥࢆ᭱እ┦࡟㓄ྜࡋࡓ౛ 32 ࡞࡝ࡀぢཷࡅࡽ
ࢀࡿࠋW/O/W ᆺ࢚࣐ࣝࢩࣙࣥࡢሙྜ࡟ࡣྛࠊ ✀Ỉ⁐ᛶ㧗ศᏊࢆ㓄ྜ 33ࡍࡿ࡯࠿ࠊ
㧗⣭࢔ࣝࢥ࣮ࣝࡢȘࢤࣝ୰࡟ W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆศᩓࡉࡏࡿᡭἲ 34ࡶ⏝࠸ࡽ
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ࢀ࡚࠸ࡿࠋ  
5-1-4-3. Ἔศ  
  ᇶᮏⓗ࡟ࡣ࡝ࡢࡼ࠺࡞Ἔศࢆ⏝࠸࡚ࡶࠊ᮲௳ࡉ࠼ᩚ࠼ࡤ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙ
ࣥࡢㄪ〇ࡣྍ⬟࡜⪃࠼ࡽࢀࡿࠋࡋ࠿ࡋ࡞ࡀࡽᏳᐃᛶ࡜࠸࠺ほⅬ࠿ࡽ࠸࠼ࡤࠊᴟᛶ
ࡢ㧗࠸Ἔࢆ⏝࠸ࡓ O/WࠊW/O ᆺ࢚࣐ࣝࢩࣙࣥࡣᏳᐃ໬ࡀ㞴ࡋ࠸ࡓࡵࠊ࣐ࣝࢳࣉ
࢚࣐ࣝࣝࢩࣙࣥࡢᏳᐃ໬ࡶ㞴ࡋ࠸࡜࠸࠼ࡿࠋW/O/W ᆺ࢚࣐ࣝࢩࣙࣥࡢሙྜࡣࠊ
୰㛫┦࡛࠶ࡿἜศࡢ⢓ᗘࡀ㧗ࡃࠊỈ࡬ࡢ⁐ゎᗘࡀᑠࡉ࠸᪉ࡀෆ࣭እỈ┦ࡢ⛣⾜ࡀ
㉳ࡇࡾ࡟ࡃࡃᏳᐃ࡛ࠊ㏫࡟Ἔ┦ࡢ⢓ᗘࡀపࡃỈ࡬ࡢ⁐ゎᗘࡀ㧗ࡅࢀࡤࠊ࣐ࣝࢳࣉ
࢚࣐ࣝࣝࢩࣙࣥ࡜ࡋ࡚ࡢᏳᐃᛶࡣప࠸ࡀࠊෆỈ┦୰ࡢ⸆๣ࢆእỈ┦࡟᪩ࡃᨺฟ࡛
ࡁࡿࡓࡵࠊDDS 〇๣࡜ࡋ࡚ࡣ᭷⏝࡜࠸࠼ࡿࠋO/W/O ᆺ࢚࣐ࣝࢩࣙࣥࡢሙྜࡣࠊ
ෆ࣭እἜ┦ࡢᵓᡂࡀ␗࡞ࡿ࡜ W/O/W ᆺ࢚࣐ࣝࢩࣙࣥ࡜ྠᵝ࡟ᾐ㏱ᅽᕪࡀ⏕ࡌࡿ
ࡀࠊศᏊ㔞ࡢ኱ࡁ࠸Ἔศ࡛࠶ࢀࡤ⛣⾜㏿ᗘࡣ㠀ᖖ࡟㐜ࡃࠊᏳᐃᛶ࡟ࡣ኱ࡁࡃᙳ㡪
ࡋ࡞࠸ࠋ  
5-1-5. ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⤒᫬Ᏻᐃᛶホ౯ἲ  
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⤒᫬Ᏻᐃᛶࢆㄪ࡭ࡿ࡟ࡣࠊ2 ✀㢮ࡢ⢏Ꮚࡢ⤒᫬ኚ໬ࢆ
㏣࠺ᚲせࡀ࠶ࡿࠋࡋ࠿ࡋ࡞ࡀࡽෆ┦ࡢ⢏Ꮚࡣࠊࡑࢀ⮬㌟ࡀ୰㛫┦⢏Ꮚࡢ୰࡟ྵࡲ
ࢀ࡚࠸ࡿࡓࡵࠊࡑࡢ⤒᫬ኚ໬ࢆᐃ㔞ⓗ࡟ホ౯ࡍࡿࡢࡣ㠀ᖖ࡟ᅔ㞴࡞ࡇ࡜࡜࠸࠼ࡿࠋ
ࡇࢀࡲ࡛࡟ࡶෆ┦⢏Ꮚᚄࡢኚ໬࡜ෆ┦⢏Ꮚࡀᾘ⁛ࡋࡓ๭ྜࢆᐃ㔞ࡍࡿᡭἲࡀ࠸
ࡃࡘ࠿㛤Ⓨࡉࢀ࡚࠸࡚ࠊ୺࡟㢧ᚤ㙾ほᐹἲ࡜ෆ┦࣐࣮࣮࢝ἲࠊ⢓ᙎᛶ ᐃἲࡢ 3
ࡘ࡟኱ู࡛ࡁࡿࠋ㢧ᚤ㙾ほᐹἲࡣࠊ㢧ᚤ㙾෗┿ࢆ᧜ᙳࡋ࡚ෆ┦ࡢ⢏Ꮚᚄࠊ⢏Ꮚᩘ
ࢆࡋࡽ࡭ࡿᡭἲ࡛࠶ࡿ᭱ࠋ ࡶ┤᥋ⓗ࡛⡆౽࡛࠶ࡿ୍᪉ࠊෆ┦⢏Ꮚࡀ㠀ᖖ࡟ᚤ⣽㸦㸼
1ȣm㸧࡞ሙྜ࡟ࡣほᐹࡀᅔ㞴࡛࠶ࡿࡇ࡜ࠊㄗᕪࡀ኱ࡁ࠸ࡇ࡜࡞࡝ࡢၥ㢟Ⅼࡶ࠶
ࡿࠋෆ┦࣐࣮࣮࢝ἲࡣࠊෆ┦࡟㟁ゎ㉁ࡸ⺯ග≀㉁➼ࡢ࣐࣮࣮࢝ࢆணࡵ㓄ྜࡋࠊෆ
┦⢏Ꮚࡀእ┦࡟྾཰ࡉࢀࡿࡇ࡜࡟ࡼࡾቑຍࡍࡿእ┦୰ࡢ࣐࣮࣮࢝⃰ᗘࢆ⤒᫬࡛
 ᐃࡍࡿ᪉ἲ 35,36࡛࠶ࡿࠋࡇࡢ᪉ἲ࡛ࠊ2 ẁ㝵ங໬ἲࡢ 2 ḟங໬࡛◚ቯࡉࢀࡓ 1
ḟ࢚࣐ࣝࢩࣙࣥࡢ㔞ࢆホ౯ࡍࡿ◊✲ࡶ⾜ࢃࢀ࡚࠸ࡿ 4ࠋ⢓ᙎᛶ ᐃἲࡣࠊ࣐ࣝࢳ
ࣉ࢚࣐ࣝࣝࢩࣙࣥࡢࣞ࢜ࣟࢪ࣮≉ᛶࡢኚ໬ࢆ⤒᫬࡛ㄪ࡭࡚ࠊᏳᐃᛶࢆホ౯ࡍࡿᡭ
ἲ࡛࠶ࡿࠋࡇࢀࡣࠊ୰㛫┦ࡢᾮ⭷ࢆ௓ࡋࡓෆ࣭እ┦㛫ࡢ⛣ື࡟ࡼࡾ࢚࣐ࣝࢩࣙࣥ
ࡢ┦ẚࡀኚࢃࡗࡓሙྜࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘࡀኚ໬ࡍࡿࡇ࡜ࢆ฼⏝ࡋ
࡚࠸ࡿ 37,38ࠋ  
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5-1-6. ᮏ◊✲ࡢ⫼ᬒ  
๓㏙ࡋࡓࡼ࠺࡟ࠊO/W/O ᆺ࢚࣐ࣝࢩࣙࣥࡼࡾࡶ W/O/W ᆺ࢚࣐ࣝࢩࣙࣥ࡟㛵ࡍ
ࡿ◊✲౛ࡀከ࠸ࡢࡣࠊᚤ⣽࡞ங໬⢏Ꮚᚄࢆ᭷ࡍࡿᏳᐃ࡞ W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆ
ㄪ〇ࡍࡿࡢࡀᅔ㞴࡛࠶ࡿ࠿ࡽ࡟ຍ࠼ࠊ࢚࣐ࣝࢩࣙࣥࢆᏳᐃ໬ࡍࡿࡓࡵ࡟ᚲせ࡞ࠊ
እ┦ࡢ࢜࢖ࣝࢤࣝ໬๣ࡀ㠀ᖖ࡟㝈ࡽࢀ࡚࠸ࡿ࠿ࡽ࡛࠶ࡿࠋ  
  ᡃࠎࡣࠊ໬⢝ရ࡟㓄ྜࡍࡿἜ⁐ᛶ୙Ᏻᐃ⸆๣ࡢᏳᐃ໬ࢆ┠ⓗ࡜ࡋ࡚ࠊO/W/O
ᆺ࡟↔Ⅼࢆ࠶࡚࡚◊✲ࢆ⾜࠸ࠊᚤ⣽࡞ O/W ᆺ࢚࣐ࣝࢩࣙࣥࢆࠊ๓❶࡛㏙࡭ࡓ᭷
ᶵኚᛶ⢓ᅵ㖔≀ࢆ⏝࠸ࡓ࢜࢖ࣝࢤࣝ୰࡟ศᩓࡍࡿࡇ࡜࡛ࠊᏳᐃ࡞ O/W/O ᆺ࣐ࣝ
ࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡍࡿ᪉ἲࢆ☜❧ࡋࡓࠋᮏሗ࿌࡛ࡣࠊࡲࡎ㠀࢖࢜ࣥᛶ⏺
㠃άᛶ๣ࢆ⏝࠸ࡓᚤ⣽࡞ O/Wᆺ࢚࣐ࣝࢩࣙࣥࢆෆỈ┦࡟㓄ྜࡋࡓ O/W/Oᆺ࣐ࣝ
ࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪᩚἲࠊ࠾ࡼࡧࠊᏳᐃ⸆๣ࡢࣔࢹࣝ≀㉁࡜ࡋ࡚㑅ᢥࡋࡓࣞ
ࢳࣀ࣮ࣝ㸦ࣅࢱ࣑ࣥ A ࢔ࣝࢥ࣮ࣝ㸧ࡢᏳᐃ໬࡟ࡘ࠸࡚㏙࡭ࡿࠋࡲࡓࠊ࢖࢜ࣥᛶ⏺
㠃άᛶ๣ࢆ⏝࠸ࠊ◳࠸ O/W ⏺㠃⭷ࢆ᭷ࡍࡿᚤ⣽࢚࣐ࣝࢩࣙࣥࢆෆỈ┦࡟㓄ྜࡋ
ࡓ O/W/O ᆺ࢚࣐ࣝࢩࣙࣥࡢࠊ≉ᚩⓗ࡞౑⏝ឤゐ࡟ࡘ࠸࡚ࠊࢩ࢙࢔ࢆ୚࠼ࡓ㝿ࡢ
ங໬⢏Ꮚࡢቯࢀ᪉࡜ࠊࣞ࢜ࣟࢪ࣮≉ᛶ࠿ࡽ⪃ᐹࡋࡓ⤖ᯝ࡟ࡘ࠸࡚㏙࡭ࡿࠋ  
 
5-2. 㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆ⏝࠸ࡓᏳᐃᛶ࡟ඃࢀࡓ O/W/Oᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝ
ࢩࣙࣥࡢㄪᩚἲ࠾ࡼࡧࣅࢱ࣑ࣥ A ࡢᏳᐃ໬◊✲  
5-2-1. ᮏ◊✲ࡢ┠ⓗ  
 ࣅࢱ࣑ࣥ A ࡣ⏕≀ࡢᡂ㛗ࠊච␿⣔ࠊどぬ࡟࡜ࡗ࡚㔜せ࡞⬡⁐ᛶࣅࢱ࣑࡛ࣥ࠶
ࡿࡀࠊ⓶⭵ࡢゅ໬ࢆࢥࣥࢺ࣮ࣟࣝࡍࡿᶵ⬟  ࡀⓎぢࡉࢀ࡚௨᮶ࠊ໬⢝ရศ㔝࡟࠾
࠸࡚ࡶὀ┠ࢆ㞟ࡵ࡚࠸ࡿ 24ࠋࡋ࠿ࡋ࡞ࡀࡽࠊࣅࢱ࣑ࣥ A ࡣ⇕ࠊගࠊ㓟໬࡟ࡼࡗ࡚
ᐜ᫆࡟ศゎࡋ 40-42ࠊ᭷ຠ⃰ᗘࡢῶᑡࠊ⮯࠸ࡢཎᅉ࡜࡞ࡾࠊᏳᐃ࡟㓄ྜࡍࡿࡇ࡜ࡀ
ᅔ㞴࡛࠶ࡿࠋࡇࢀࡲ࡛࡟ࡶࠊᏳᐃ㓄ྜࡢࡓࡵࠊ࢝ࣉࢭࣝ໬ 25ࡸᢠ㓟໬๣ࡢ㓄ྜ 26
࡞࡝ࠊࡉࡲࡊࡲ࡞ヨࡳࡀ࡞ࡉࢀ࡚࠾ࡾࠊࣅࢱ࣑ࣥ A ࢆᏳᐃ㓄ྜࡋࡓ໬⢝ရࡶከ
ࡃୖᕷࡉࢀ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊࣅࢱ࣑ࣥ A ࢆᏳᐃ㓄ྜࡍࡿࡓࡵ࡟ࡣࠊ㓟⣲㏱
㐣⋡ࡀపࡃࠊ୙㏱᫂࠿ࡘࠊ౑⏝᫬࡟✵Ẽࡀධࡽ࡞࠸ࠊ࠸ࢃࡺࡿࣂࢵࢡࣞࢫࢳ࣮ࣗ
ࣈࢆ⏝࠸ࡿ࡞࡝ࠊᐜჾୖࡢᕤኵࡸࠊ඘ሸ᫬࡟❅⣲⨨᥮ࢆ⾜࠺࡞࡝ࡢฎ⨨ࡀᚲせ୙
ྍḞ࡛࠶ࡗࡓࠋᡃࠎࡣࠊࣅࢱ࣑ࣥ A ࢆ O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢෆ┦
࡟㓄ྜࡍࡿࡇ࡜࡛ࠊࣅࢱ࣑ࣥ A ࡢ⤒᫬࡛ࡢ㓟⣲࡜ࡢ᥋ゐࢆ᭱኱㝈࡟ᢚไࡋࠊᐜ
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ჾୖࡢᕤኵࡀ࡞ࡃ࡚ࡶࣞࢳࣀ࣮ࣝࢆ⤒᫬࡛Ᏻᐃ࡟ಖ࡚ࡿࡢ࡛ࡣ࡞࠸࠿࡜⪃࠼᳨ࠊ
ウࢆ⾜ࡗࡓࠋࡑࢀ࡟ඛ❧ࡕࠊࡲࡎࠊ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆ⏝࠸ࡓᏳᐃ࡞ O/W/O
ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇ἲ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ  
5-2-2㸬ᐇ㦂᪉ἲ  
5-2-2-1㸬ཎᩱ  
 ෆໟࡍࡿ⸆๣࡜ࡋ࡚ࡣࣅࢱ࣑ࣥ A㸦All-trans ࣞࢳࣀ࣮ࣝࠊ150 million IU/g, ࢡ
ࣛࣞ໬Ꮫ㸧࠾ࡼࡧࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺ㸦1.7 million IU/gࠊ᪥ᮏࣟࢵࢩࣗ㸧
ࢆ⏝࠸ࡓࠋࣞࢳࣀ࣮ࣝࡢᵓ㐀ࢆ Fig.5 ࡟♧ࡋࡓࠋࡑࡢ௚ࡢཎᩱࡣࠊ඲࡚ᕷ㈍ࡢ໬
⢝ရཎᩱࢆ⢭〇ࡍࡿࡇ࡜࡞ࡃ⏝࠸ࡓࠋ  
5-2-2-2. O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇᪉ἲ  
ᮏ◊✲࡛ࡣ࠸ࡎࢀࡶ Double Step ἲࢆ⏝࠸ࡓࠋᔞ㧗࠸⏺㠃άᛶ๣ࢆ⏝࠸࡚Ᏻᐃ
࡞ O/W ⏺㠃ࢆࡘࡃࡿ┠ⓗ࡛ࠊぶỈᛶ⏺㠃άᛶ๣࡜ࡋ࡚ࡣ POE ◳໬ࣄ࣐ࢩἜ㸦ࢽ
ࢵࢥ࣮ࣝ HCO-60ࠊࢽࢵࢥ࣮ࢣ࣑࢝ࣝࠊ௨ୗ HCO60 ࡜グ㍕㸧ࢆ⏝࠸ࡓࠋ  
O/W ᆺ࢚࣐ࣝࢩࣙࣥࡣ㕥ᮌࡽࡢ♧ࡍ᪉ἲ 43ࢆ⏝࠸ࠊ1ȣm ௨ୗࡢ⢏Ꮚᚄࢆ᭷ࡍ
ࡿὶືࣃࣛࣇ࢕ࣥࢆෆ┦࡟ྵࡴ࢚࣐ࣝࢩࣙࣥࢆࠊ࣑࣍ࣔ࢟ࢧ࣮㸦TK ࣑࣍ࣔ࢟ࢧ
࣮ࠊࣉࣛ࢖࣑ࢡࢫ㸧ࢆ⏝࠸࡚ㄪ〇ࡋࡓࠋࡇࢀࢆ๓❶࡛ሗ࿌ࡋࡓ᭷ᶵኚᛶ⢓ᅵ㖔≀
࡛࠶ࡿ㸦࣋ࣥࢺࣥ 38ࠊࢬ࣮ࢻࢣ࣑࣮ࠊ࠶ࡿ࠸ࡣࢫ࣓ࢡࢺࣥ DS-100ࠊࢡࢽ࣑ࢿᕤ
ᴗ㸧࠾ࡼࡧ୰㛫 HLB ࢆ᭷ࡍࡿ⏺㠃άᛶ๣࡛࠶ࡿ POE14 ࢪ࢖ࢯࢫࢸ࢔ࣜࣝ㸦࢚࣐
ࣞࢵࢡࢫ 600di-ISࠊ᪥ᮏ࢚࣐ࣝࢪࣙࣥࠊ௨ୗ PEIS ࡜グ㍕㸧ࢆྵࡴἜ┦୰࡟࣍ࣔ
ࢹ࢕ࢫࣃ࣮㸦TK ࣑࣍ࣔ࢟ࢧ࣮ࠊࣉࣛ࢖࣑ࢡࢫ㸧ࢆ⏝࠸ࠊ෌ங໬ࡋ࡚ O/W/O ᆺ࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡋࡓࠋ  
ࣅࢱ࣑ࣥ A ࢆྵࡴ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡣࠊෆ┦Ἔ࡜࡞ࡿἜศ࡟ணࡵᐊ 
࡟࡚⁐ゎࡉࡏࠊங໬ࢆ⾜ࡗࡓࠋ  
5-2-2-3㸬ங໬⢏Ꮚᚄࡢ ᐃἲ  
O/W ᆺ࢚࣐ࣝࢩࣙࣥࡢᖹᆒங໬⢏Ꮚᚄࡣࠊ࣮ࣞࢨ࣮⢏ᗘศᕸ ᐃ⿦⨨㸦LA-910ࠊ
ᇼሙ〇సᡤ㸧ࢆ⏝࠸ࡓࠋO/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ୰㛫┦ࡢங໬⢏Ꮚᚄ
ࡣࠊගᏛ㢧ᚤ㙾㸦BX-60ࠊOlympus㸧࠾ࡼࡧ Cyro-SEM㸦S-4200ࠊ᪥❧〇సᡤ㸧࡟
࡚ほᐹࠊ ᐃࡋࡓࠋ  
5-2-2-4㸬࢚࣐ࣝࢩࣙࣥࡢぢ࠿ࡅ⢓ᗘ࠾ࡼࡧ◳ᗘ ᐃἲ  
ぢ࠿ࡅ⢓ᗘࡣࠊࢥ࣮ࣥࣉ࣮ࣞࢺᆺࣅࢫࢥ࣓࣮ࢱ࣮㸦B.E.E.㸧ࢆ⏝࠸ࠊࢩ࢙࢔࣮ࣞ
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ࢺ 1700s-1 ࡟࡚ ᐃࡋࡓࠋ⢓ᗘࡀ 10000㹫Pa࣭ s ௨ୖࡢ࢚࣐ࣝࢩࣙࣥ࡟ࡘ࠸࡚ࡣࠊ
◳ᗘィ㸦࣮࢝ࢻ࣓࣮ࢱ࣮ࠊ⃮ᕝ㸧࡟࡚◳ᗘࢆ ᐃࡋࡓࠋ  
5-2-2-5㸬  㐣㓟໬್㸦Peroxide value (POV)㸧ࡢ ᐃἲ  
 ࣮ࣚࢻ࣓ࢺ࣮ࣜࢆ⏝࠸ࡓ⏺㠃άᛶ๣ࡢ POV  ᐃࡣࠊཎࡽࡢ᪉ἲ 44࡟‽ࡌ࡚⮬
ື⁲ᐃ⿦⨨㸦AT-118ࠊி㒔࢚ࣞࢡࢺࣟࣥ㸧ࢆ⏝࠸࡚⾜ࡗࡓࠋ㓟໬ࣞ࣋ࣝࢆኚ࠼ࡓ
ぶỈᛶ⏺㠃άᛶ๣㸦HCO60㸧ࡣࠊ5㹼48 ᫬㛫 60Υ࡛ຍ⇕ࡋ࡚ㄪ〇ࡋࠊ౑⏝ࡍࡿ┤
๓ࡲ࡛ 40Υ࡟࡚ಖᏑࡋࡓࠋ  
5-2-2-6㸬ࣅࢱ࣑ࣥ A ࡢᐃ㔞ἲ  
ࣅࢱ࣑ࣥ A ࡢᐃ㔞ࡣࢲ࢖࣮࢜ࢻ࢔ࣞ࢖᳨ฟჾ㸦SPD-MI0AVࠊᓥὠ〇సᡤ㸧ࢆ
ేタࡋࡓ HPLC㸦Nanospaceࠊ㈨⏕ᇽ㸧ࢆ⏝࠸࡚ ᐃࡋࡓࠋࣅࢱ࣑ࣥ A ࠾ࡼࡧࣅ
ࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢ ᐃ᮲௳ࢆ Table 1 ࡟♧ࡋࡓࠋ ᐃࡣ඲࡚ 2 ᅇࡎࡘ⾜
࠸ࠊᖹᆒ್ࢆ♧ࡋࡓࠋ  
5-2-2-7㸬ෆໟ⋡ࡢ ᐃ   
ෆ┦࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A ࡢᐃ㔞ࡣࠊKang ࡽࡢ᪉ἲ 45 ࡟‽ࡌ࡚⾜࠸ࠊ࣐ࣝࢳ
ࣉ࢚࣐ࣝࣝࢩࣙࣥ඲య࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A ࡢ⥲㔞࡜ࡢẚ⋡࡜ࡋ࡚⾲ࡋࡓࠋࡲ
ࡎࣅࢱ࣑ࣥ A ࢆྵࡴ O/W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆ 2,000 rpm ࡟࡚ 1 ᫬㛫㐲ᚰศ㞳ࢆ
⾜࠸ࠊศ㞳ࡋࡓᚤ㔞ࡢἜศ㸦እ┦㸧࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A 㔞ࢆ HPLC ࡟࡚ᐃ㔞
ࡋࡓࠋෆໟ⋡ࡣ௨ୗࡢᘧࢆ⏝࠸࡚⟬ฟࡋࡓࠋ  
 
                                 
                                
VAT ࡣ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ඲య࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A ࡢ⥲㔞ࢆ♧ࡋࠊVAo 
ࡣ HPLC ࡛ᐃ㔞ࡋࡓእ┦࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A 㔞࡛࠶ࡿࠋ  
 
5-2-3㸬⤖ᯝ࠾ࡼࡧ⪃ᐹ  ̺㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆ⏝࠸ࡓᏳᐃᛶ࡟ඃࢀࡓ
O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪᩚἲ㸫  
5-2-3-1㸬㸯ḟங໬࡟⏝࠸ࡿぶỈᛶ⏺㠃άᛶ๣ࡢ㐺ṇ㔞  
᳨ウࡋࡓฎ᪉ࢆ Table 2 ࡟ࠊࡲࡓෆ┦ O/W ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡍࡿ㝿࡟⏝࠸
ࡓ࣏ࣜ࢜࢟ࢩ࢚ࢳࣞࣥ◳໬ࣄ࣐ࢩἜ㸦HCO60㸧ࡢ⃰ᗘࢆቑࡸࡋࡓ࡜ࡁࡢෆἜ⢏Ꮚ
ᚄ࡜ࠊㄪ〇ࡉࢀࡿ O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘࢆㄪ࡭ࡓ⤖ᯝࢆ Fig.6
VAT 䠉 VA0 
VAT 
ശ100㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 [1] Encapsulation percentage   =  
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࡟♧ࡍࠋእ┦ࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀࡜ࡋ࡚ࡣࠊྜᡂࢧ࣏ࢼ࢖ࢺࢆ᭷ᶵኚᛶࡉࡏࡓࢫ
࣓ࢡࢺࣥ DS-100㸦௨ୗ OCDS ࡜グ㍕㸧ࢆ⏝࠸ࡓࠋHCO60 ⃰ᗘࡀቑࡍ࡯࡝ㄪ〇ࡉ
ࢀࡿ O/W ࢚࣐ࣝࢩࣙࣥ⢏Ꮚᚄࡣᑠࡉࡃ࡞ࡾࠊO/W/O ࢚࣐ࣝࢩࣙࣥࡢ⢓ᗘࡣ
HCO60 ⃰ᗘ 1㸣࡛ᴟ኱Ⅼࢆᣢࡗ࡚࠸ࡓࠋࡍ࡞ࢃࡕࠊHCO60 㔞ࡀ୙༑ศ㸦<0.5wt㸣㸧
࡛ O/W ࢚࣐ࣝࢩࣙࣥ୰ࡢἜ⁲ࡀ඘ศ࡟ᑠࡉࡃ࡞ࡾࡁࢀ࡞࠸ሙྜࡣࠊෆ┦ࡢἜศ
ࡀḟࡢ W/O ங໬ࡢẁ㝵࡛Ỉ⢏Ꮚෆ࡟ྲྀࡾ㎸ࡲࢀࡎ࡟እἜ┦࡟ΰྜࡍࡿࡇ࡜࡜࡞
ࡾࠊ⤖ᯝ࡜ࡋ࡚ W/O ࢚࣐ࣝࢩࣙࣥࡢỈ┦ẚࡀୗࡀࡗ࡚ O/W/O ࢚࣐ࣝࢩࣙࣥࡢ⢓
ᗘࡣపࡃ࡞ࡿࠋ㐣๫ࡢ HCO60㸦>2㸣㸧ࢆ㓄ྜࡋࡓ⣔࡛ࡣࠊ⣔ࡢ HLB ࡀᔂࢀ࡚Ᏻ
ᐃ࡞ W/O ங໬ࡀ࡛ࡁ࡞ࡃ࡞ࡿࡓࡵࠊࡸࡣࡾෆ┦Ἔࡀእ┦Ἔ࡜ΰྜࡀ㉳ࡇࡾࠊ࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘࡀపࡃ࡞ࡿࠋHCO60 ࢆ㐺ṇ㔞⏝࠸ࡓ O/W/O ᆺ࢚࣐
ࣝࢩࣙࣥࡣࠊ⤒᫬Ᏻᐃᛶ࡟ඃࢀ࡚࠸ࡿࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ  
5-2-3-2㸬2 ḟங໬࡟⏝࠸ࡿ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣࠾ࡼࡧ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢ㐺ṇ
㔞  
 ḟ࡟ࠊ2 ḟங໬࡜ࡋ࡚ W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡍࡿ㝿࡟⏝࠸ࡿ㠀࢖࢜ࣥᛶ
⏺㠃άᛶ๣㸦PEIS㸧࡜᭷ᶵኚᛶ⢓ᅵ㖔≀㸦OCDS㸧ࡢ㔞ࢆኚ࠼࡚࣐ࣝࢳࣉ࢚࣐ࣝ
ࣝࢩࣙࣥࢆㄪ〇ࡋࡓ㝿ࡢࠊ࢚࣐ࣝࢩࣙࣥࡢᏳᐃᛶࢆ Fig.7 ࡟♧ࡍࠋ᳨ウฎ᪉ࡣ
Table 3 ࡟♧ࡋࡓࠋᏳᐃᛶࡣࠊ50Υ1 ࠿᭶㟼⨨ᚋࡢỈ┦ங໬⢏Ꮚᚄࡢኚ໬࡛ホ౯
ࡋࠊ඲ࡃኚ໬ࡀ࡞࠿ࡗࡓᇶ๣ࢆࠐࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᙧែࢆಖࡗ࡚࠸ࡓ
ࡶࡢࡢࠊ⢏Ꮚᚄࡢቑ኱ࡀぢࡽࢀࡓᇶ๣ࢆڹࠊㄪ〇┤ᚋ࡟㌿┦ࡍࡿ࡞࡝ࡢ⌧㇟ࡀ㉳
ࡁࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡀㄪ〇ࡉࢀ࡞࠿ࡗࡓᇶ๣ࢆ࡛♧ࡋࡓࠋOCDS ࢆྵ
ࡲ࡞࠸ฎ᪉࡛ࡣࠊࡓ࡜࠼ PEIS ࢆከࡃྵࢇ࡛ࡶ㸦1wt%㸧஧ḟங໬ࡢ㝿࡟㌿┦ࡀ࠾
ࡇࡾࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡀㄪ〇ࡉࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝ
ࢩࣙࣥࡢㄪ〇࡟ࡣ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡀᚲ㡲࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡲࡓࠊOCDS
ࡢྵ᭷㔞ࡀᑡ࡞࠸⣔㸦㹼0.2㹵㹲㸣㸧࡛ࡣࠊPEIS ࢆከࡃ㓄ྜࡋ࡚ࡶ㸦0.6wt%㸧࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡣㄪ〇ࡉࢀࡓࡶࡢࡢࠊ⤒᫬࡛࢚࣐ࣝࢩࣙࣥ⾲㠃࡟Ἔᾋࡁࡀ
ぢࡽࢀࡓࠋ୍᪉࡛ࠊPEIS ࢆ඲ࡃྵࡲ࡞࠸⣔࡛ࡣᏳᐃ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ
ࡣᚓࡽࢀࡎࠊᏳᐃ࡞ W/O ᆺ࢚࣐ࣝࢩࣙࣥࡢㄪ〇࡟ࡣ᭷ᶵኚᛶ⢓ᅵ㖔≀࡜ぶἜᛶ
⏺㠃άᛶ๣ࡢే⏝ࡀᚲせ࡛࠶ࡿ࡜ࡋࡓࠊᒣཱྀࡽࡢ◊✲ 46࡜୍⮴ࡋࡓࠋ༑ศ࡞㔞ࡢ
᭷ᶵኚᛶ⢓ᅵ㖔≀㸦1.5wt%㸧࡜㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣㸦0.6wt%㸧ࢆእ┦࡟ྵࡴ࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡣࠊ50Υ࡟࡚ 1 ࠿᭶㟼⨨ࡋ࡚ࡶᏳᐃ࡛࠶ࡾࠊங໬⢏Ꮚᚄࡢ
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ቑ኱ࡸෆ┦ࡢᢤࡅࠊἜᾋࡁ࡞࡝ࡢ⌧㇟ࡀぢࡽࢀ࡞࠿ࡗࡓࠋࡇࡢ࢚࣐ࣝࢩࣙࣥࡢㄪ
〇┤ᚋ࡜ 50Υ1 ࠿᭶ᚋࡢ㢧ᚤ㙾෗┿㸦Fig.8(a),(b)㸧ࠊ࠾ࡼࡧㄪ〇 1 ᪥ᚋࡢ Cryo-
SEM ෗┿ (Fig.9)࡟♧ࡍࠋ୰㛫┦ࡢ⢏Ꮚᚄࡣ 2㹼10ȣm ࡛࠶ࡾࠊෆ┦ࡢἜ⁲ࡢ⢏Ꮚ
ᚄࡣ 1ȣm ௨ୗ࡛࠶ࡿࡇ࡜ࡀศ࠿ࡿࠋࡲࡓࠊ᭷ᶵኚᛶ㖔≀ࡢྵ᭷㔞ࡀᑡ࡞࠸
㸦0.2wt%㸧࢚࣐ࣝࢩ࡛ࣙࣥࡣࠊ୰㛫┦ࡀྜ୍ࡋ࡚࠾ࡾࠊW/O ⏺㠃ࡀᙅ࠸ࡇ࡜ࡀศ
࠿ࡗࡓࠋᒣཱྀࡽࡣࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀ࢆ⏝࠸࡚ㄪ〇ࡋࡓ W/O ᆺ࢚࣐ࣝࢩࣙࣥ୰
࡛ࡣࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡀἜỈ⏺㠃࡟྾╔ࡋ࡚࠸ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ 47ࠋࡍ࡞ࢃ
ࡕࠊFig.10 ࡟♧ࡍࡼ࠺࡟ࠊW/O ⏺㠃࡟྾╔ࡋࡓ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡀ⏺㠃ࢆᙉᅛ࡟
ࡋࠊෆ┦࠿ࡽእ┦࡬ࡢἜ┦ࡢ⛣ື࡜ࠊỈ⁲࡝࠺ࡋࡢྜ୍ࢆ㜵ࡂࠊ࣐ࣝࢳࣉ࢚࣐ࣝ
ࣝࢩࣙࣥࢆᏳᐃ໬ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋ  
 ḟ࡟ PEIS ࠾ࡼࡧ OCDS 㓄ྜ㔞ࡀ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘ࡟ཬࡰࡍᙳ㡪
࡟ࡘ࠸࡚ㄪ࡭ࡓࠋPEIS 㓄ྜ㔞ࡀቑຍࡍࡿ࡟ᚑࡗ࡚⢓ᗘࡣቑຍࡋࠊ࠶ࡿ㓄ྜ㔞࡛
࡯ࡰࣉࣛࢺ࣮࡜࡞ࡗࡓ㸦Fig.12㸧ࠋ୰㛫┦ࡢங໬⢏ᏊᚄࡣࠊPEIS 㓄ྜ㔞ࡀቑ࠼ࡿ
࡟ᚑࡗ࡚ᚤ⣽໬ࡋ࡚࠾ࡾࠊPEIS ቑ㔞࡟ࡼࡿ⢓ᗘቑຍࡣෆ┦ࡢࣛࣉࣛࢫᅽࡀୖ᪼
ࡋࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊྠࡌ PEIS 㔞࡛ẚ㍑ࡋࡓሙྜࠊOCDS 㓄ྜ㔞ࡀከ
࠸࡯࡝࢚࣐ࣝࢩࣙࣥ⢓ᗘࡣቑ኱ࡋࡓࠋࡍ࡞ࢃࡕࠊPEIS 㓄ྜ㔞ࢆ 0.2wt㸣࡟ᅛᐃࡋ
ࡓሙྜࠊOCDS 㓄ྜ㔞ࡀ 0.75ࠊ1ࠊ֚wt㸣࡜ቑ࠼ࡿ࡟ᚑ࠸ࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩ
ࣙࣥࡢ⢓ᗘࡣ 316ࠊ350ࠊ389mPa࣭s ࡜ቑ኱ࡋࡓࠋࡇࡢ㝿ࠊỈ┦ࡢங໬⢏Ꮚᚄ࡟ኚ
໬ࡣ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊOCDS ቑ㔞࡟ࡼࡿ⢓ᗘቑຍࡣࠊእ┦࢜࢖ࣝࡢቑ⢓ࡀཎᅉ
࡜⪃࠼ࡽࢀࡿࠋ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢ࢜࢖ࣝࢤࣝ໬⬟ࡢ◊✲࠿ࡽࠊ⢓ᅵ㖔≀࡜ぶἜ
ᛶ⏺㠃άᛶ๣ࡢẚ⋡ࡀ 1㸸0.2 ࡢ࡜ࡁ࡟ࠊࢤࣝ⢓ᗘࡀᴟ኱್ࢆ࡜ࡿࡇ࡜ࡀࢃ࠿ࡗ
࡚࠸ࡿ 48ࡀࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⣔࡛ࡣࠊ᫂☜࡞⢓ᗘࡢᴟ኱್ࡣぢࡽࢀ࡞
࠿ࡗࡓࠋ  
 OCDS ࡜ PEIS ࡢ㓄ྜẚ⋡ࢆ 1㸸0.2 ࡟ᅛᐃࡋࠊࡇࡢ⥲㔞ࢆኚ໬ࡉࡏࡓ࡜ࡁࡢ࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘኚ໬ࢆ Fig.11 ࡟♧ࡍ㸦OCDS ࡜ PEIS ௨እࡢᡂศࡢ
㓄ྜ㔞ࡣ Table 3 ࡟♧ࡋࡓฎ᪉㸧ࠋOCDS㸩PEIS ࡢ⥲㔞ࡀቑ࠼ࡿ࡯࡝࢚࣐ࣝࢩࣙࣥ
⢓ᗘࡣୖ᪼ࡋ࡚࠸ࡿࡀࠊࡇࢀࡣእ┦⢓ᗘࡢୖ᪼࡜ࠊ୰㛫┦࡛࠶ࡿỈ⢏Ꮚࡢ⢏Ꮚᚄ
ࡢῶᑡࡀཎᅉ࡜⪃࠼ࡽࢀࡿࠋ  
5-2-3-3㸬ෆ┦ẚࡀ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ⢓ᗘ࡟୚࠼ࡿᙳ㡪  
᳨ウࡋࡓฎ᪉ࢆ Table 4 ࡟♧ࡍࠋෆ┦࢜࢖ࣝ࡜Ỉ┦ࡢẚ⋡ࡣ୍ᐃ࡟ࡋࠊእ┦ࡢ
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ฎ᪉ࡣ඲࡚ྠࡌ࡟ࡋࡓࠋෆ┦ẚࢆኚ࠼࡚ㄪ〇ࡋࡓ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘ
ኚ໬ࢆ Fig.13 ࡟♧ࡍࠋෆ┦ẚࡀ 0.1㹼0.3 ࡛ࡣ⢓ᗘኚ໬ࡣ࡯࡜ࢇ࡝ぢࡽࢀ࡞࠿ࡗ
ࡓࡀࠊ0.4㹼0.5 ࡛ࡣෆ┦ẚࡀቑຍࡍࡿ࡟ᚑ࠸⢓ᗘࡀῶᑡࡋࡓࠋෆ┦ẚ 0.5 ࡢ࣐ࣝ
ࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡣ 50Υ࡟ 1 ࠿᭶㟼⨨ᚋ࡟ࠊ࢚࣐ࣝࢩࣙࣥ⾲㠃࡟Ἔᾋࡁࡀぢ
ࡽࢀࡓࡇ࡜࠿ࡽࠊෆ┦ẚ 0.4 ௨ୖ࡛ࡣෆ┦ࢆྲྀࡾ㎸ࡳษࢀࡎࠊ⤖ᯝⓗ࡟እ┦ࡢẚ
⋡ࡀ㧗ࡲࡗ࡚࠸ࡿࡓࡵ࡛ࡣ࡞࠸࠿࡜⪃࠼࡚࠸ࡿࠋ  
5-2-3-4㸬O/W ࢚࣐ࣝࢩࣙࣥẚࡀ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ⢓ᗘ࡟୚࠼ࡿᙳ㡪  
O/W ࢚࣐ࣝࢩࣙࣥ୰ࡢἜ㸭Ỉẚࢆᅛᐃࡋࠊእ┦࡟ᑐࡍࡿ O/W ࢚࣐ࣝࢩࣙࣥࡢ
ẚ⋡ࡀࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ඲యࡢ⢓ᗘ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ㄪ࡭ࡓࠋ᳨ウ
ฎ᪉ࢆ Table 5࡟♧ࡍࠋ୰㛫┦ࡢங໬⢏Ꮚᚄ࡜࢚࣐ࣝࢩࣙࣥࡢ◳ᗘ ᐃ್ࢆ Fig.14
࡟♧ࡋࡓࠋO/W ࢚࣐ࣝࢩࣙࣥẚࡀ㧗ࡲࡿ࡯࡝࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘࡣ
ቑ኱ࡋࡓࠋO/W ࢚࣐ࣝࢩࣙࣥẚࡀ 0.8 ࡛ࡣࠊ୰㛫┦ࡢங໬⢏Ꮚᚄ࡟ࡤࡽࡘࡁࡀ࠶
ࡾࠊ඲యⓗ࡟኱ࡁࡃ࡞ࡗ࡚࠸ࡓࠋ㧗 O/W ࢚࣐ࣝࢩࣙࣥẚ㸦0.7㹼㸧࡛ࡣ 50Υ1 ࠿
᭶㟼⨨ᚋࠊ࢚࣐ࣝࢪࣙࣥୖ㒊࡟ᚤ㔞ࡢ㞳Ỉࡀぢࡽࢀࠊ୍᪉࡛ప O/W ࢚࣐ࣝࢩࣙ
ࣥẚ㸦0.5㸧࡛ࡣ⢓ᗘࡀపࡃࠊ50Υ1 ࠿᭶㟼⨨ᚋ࡟Ἔ࠺ࡁࡀぢࡽࢀࡓࠋ௨ୖࡢࡇ࡜
࠿ࡽࠊࡇࡢ⣔࡟࠾࠸࡚ࡣࠊO/W ࢚࣐ࣝࢩࣙࣥẚࡣ 0.6 ௜㏆ࡀ᭱㐺࡛࠶ࡿࡇ࡜ࡀࢃ
࠿ࡗࡓࠋ  
5-2-4. ⤖ᯝ࠾ࡼࡧ⪃ᐹ 㸫ࣅࢱ࣑ࣥ A ࡢᏳᐃ໬㸫  
1-5 ࡛ࡶ㏙࡭ࡓ㏻ࡾࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢෆ┦࡟୙Ᏻᐃ⸆๣ࢆ㓄ྜࡋ࡚
Ᏻᐃ໬ࡍࡿ◊✲ࡣࠊ୺࡟⸆Ꮫศ㔝࡛ᗈࡃ⾜ࢃࢀ࡚࠸ࡿࠋ㓟⣲࡞࡝ࡢ୙Ᏻᐃ໬≀㉁
࠿ࡽ㝸㞳ࡋ࡚⸆๣ࢆᏳᐃ໬ࡋࡓࡾࠊෆໟࡉࢀࡓ⸆๣ࢆᚎࠎ࡟እ┦࡬⛣⾜ࡉࡏ࡚ᚎ
ᨺ໬࡟ᛂ⏝ࡋࡓࡾࡍࡿ㸦⸆๣ࡢᚎᨺ໬࡟ࡘ࠸࡚ࡣ᪤࡟⮫ᗋ౛ࡶ࠶ࡿ 49㸧◊✲ࡀ࡞
ࡉࢀ࡚࠾ࡾࠊෆ┦࠿ࡽእ┦࡬ࡢ⸆๣ࡢ⛣⾜㏿ᗘࢥࣥࢺ࣮ࣟࣝࡀ◊✲ࡢ୰ᚰ࡛࠶ࡿࠋ
ෆ┦࠿ࡽእ┦࡬ࡢ⸆๣ࡢ⛣⾜࣓࢝ࢽࢬ࣒࡜ࡋ࡚ࡣࠊFig.2 ࡢ࠺ࡕࠊձ༢⣧ᣑᩓ  ղ
⏺㠃άᛶ๣࡟ࡼࡿ࣑ࢭࣝࡢᙧ࡛ࡢ⛣⾜ճ⢏Ꮚ◚ቯࡢ 3 ࡘࡀ⪃࠼ࡽࢀࡿࠋձࡢ༢
⣧ᣑᩓ࡟ࡼࡿ⸆๣ࡢ⛣⾜㏿ᗘ࡟ᙳ㡪ࢆཬࡰࡍ୺࡞せᅉ࡜ࡋ࡚ࡣࠊ୰㛫┦࡬ࡢ⸆๣
ࡢ⁐ゎᗘ㸦㧗࠸࡯࡝㏿࠸㸧ࠊෆ┦୰ࡢ⸆๣⃰ᗘ㸦㧗࠸࡯࡝㏿࠸㸧ࠊ୰㛫┦ࡢ⢓ᗘ㸦㧗
࠸࡯࡝㐜࠸㸧➼ࡀᣲࡆࡽࢀࡿࠋղࡢ࣑ࢭࣝࡢᙧ࡛ࡢ⛣⾜㏿ᗘ࡟㛵ࡋ࡚ࡣࠊෆ┦୰
ࡢ⸆๣⃰ᗘࡸ୰㛫┦ࡢ⢓ᗘࡶձ࡜ྠᵝ࡞ᙳ㡪ࢆཬࡰࡍࡀࠊ୰㛫┦୰࡟⁐ゎࡋ࡚࠸
ࡿ⏺㠃άᛶ๣㔞ࡀ኱ࡁࡃ㛵ࢃࡗ࡚ࡃࡿ 29,30ࠋTable 5 ࡟♧ࡍࡼ࠺࡟ࠊỈ࡬ࡢ㓟⣲
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⁐Ꮡ⋡ࡣἜ࡟ẚ࡭࡚ప࠸ࡓࡵࠊO/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢෆ┦࡟㓟⣲
࡟ࡼࡗ࡚ศゎࡉࢀࡸࡍ࠸⸆๣ࢆ㛢ࡌ㎸ࡵࡿࡇ࡜࡛ࠊỈ┦ࡀ㓟⣲ࣂ࣮ࣜࣖ࡜ࡋ࡚ᶵ
⬟ࡉࡏࠊᏳᐃ໬ࡉࢀࡿࡇ࡜ࢆᮇᚅࡋࠊ๓㏙ࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀ࢆ㓄ྜࡋࡓ O/W/O
ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ㸦ෆ┦ࡣ D ┦ங໬ἲ࡟ࡼࡾㄪ〇㸧ࡢෆ┦࡟ࠊ⇕ࠊගࠊ
㓟⣲࡟ࡼࡗ࡚ศゎࡉࢀ᫆࠸ࠊࣞࢳࣀ࣮ࣝ㸦ࣅࢱ࣑ࣥ A ࢔ࣝࢥ࣮ࣝ㸧ࢆ㛢ࡌ㎸ࡵࠊ
⤒᫬࡛ࡢᏳᐃ໬ࢆヨࡳࡓࠋ  
5-2-4-1. ࢚࣐ࣝࢩࣙࣥࢱ࢖ࣉࡢᙳ㡪  
ࡲࡎྛࠊ ✀࢚࣐ࣝࢩࣙࣥࡢෆ┦࡟ࣞࢳࣀ࣮ࣝࢆ㓄ྜࡋࡓ㝿ࡢ᳨ࠊ ウฎ᪉࡜ 50Υ
4 㐌㛫ᚋࡢࣞࢳࣀ࣮ࣝṧᏑ⋡ࢆ Table 6 ࡟♧ࡍࠋὶືࣃࣛࣇ࢕ࣥ࡟⁐ゎࡋࡓࣞࢳ
ࣀ࣮ࣝࡣ 4 㐌㛫ᚋ࡟඲ࡃṧᏑࡋ࡚࠸࡞࠿ࡗࡓࡀࠊ࢚࣐ࣝࢩࣙࣥᇶ๣࡛ࡣṧᏑࡋ࡚
࠾ࡾࠊࡑࡢṧᏑ⋡ࡣ O/W/OࠊW/OࠊO/W ࢚࣐ࣝࢩࣙࣥࡢ㡰࡟㧗࠿ࡗࡓࠋእ┦࡟ࣞ
ࢳࣀ࣮ࣝࢆ㓄ྜࡋࡓ W/O ࢚࣐ࣝࢩ࡛ࣙࣥࠊẚ㍑ⓗ㧗࠸ࣞࢳࣀ࣮ࣝṧᏑ⋡ࡀᚓࡽ
ࢀࡓ⌮⏤࡜ࡋ࡚ࠊḟࡢࡼ࠺࡟⪃࠼࡚࠸ࡿࠋࡍ࡞ࢃࡕࠊ⏺㠃άᛶ๣ࡢࡼ࠺࡞୧ぶ፹
ᛶ≀㉁ࡣ᭷ᶵኚᛶ⢓ᅵ㖔≀࡟྾╔ࡍࡿࡇ࡜ࡀศ࠿ࡗ࡚࠾ࡾ 50ࠊࣞࢳࣀ࣮ࣝࡶྠᵝ
࡟⢓ᅵ㖔≀࡟྾╔ࡋࠊ」ྜయࢆᙧᡂࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋ⢓ᅵ㖔≀࡟྾╔ࡋࡓ
ࣞࢳࣀ࣮ࣝࡣࠊࣂࣝࢡ୰࡟⁐ゎࡋ࡚࠸ࡿࣞࢳࣀ࣮ࣝ࡜ࡣᛶ㉁ࡀ␗࡞ࡿ࡜⪃࠼ࡽࢀࠊ
ࡇࢀ࡟ࡼࡾࣞࢳࣀ࣮ࣝࡢᏳᐃᛶࡀྥୖࡋ࡚࠸ࡿ࡜⪃࠼࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ᭷
ᶵኚᛶ⢓ᅵ㖔≀࡜Ἔศ࡜ࣞࢳࣀ࣮ࣝ࡜ࢆΰྜࡉࡏࡓỈࢆྵࡲ࡞࠸⣔࡛ࡣࣞࢳࣀ
࣮ࣝṧᏑ⋡ࡣప࠿ࡗࡓࡇ࡜࠿ࡽࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀࡜ࣞࢳࣀ࣮ࣝ࡜ࢆඹᏑࡉࡏࡿ
ࡔࡅ࡛ࡣ࡞ࡃࠊࡇࢀࡽࡢ」ྜయࡀ⏺㠃࡟Ꮡᅾࡍࡿࡇ࡜ࡀࣞࢳࣀ࣮ࣝᏳᐃᛶྥୖ࡟
㔜せ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
5-2-4-2. ⏺㠃άᛶ๣ࡢ㐣㓟໬್㸦POV㸧ࡢᙳ㡪  
ࣞࢳࣀ࣮ࣝࡢศゎ࣭㓟໬ຎ໬ࡣ㐣㓟໬≀࡟ࡼࡾಁ㐍ࡉࢀࡿࡇ࡜ࡀศ࠿ࡗ࡚࠸ࡿ
51,52ࠋᕪࢆ᫂☜࡟ࡍࡿࡓࡵ࡟ࠊࣞࢳࣀ࣮ࣝࡼࡾࡶ㓟໬Ᏻᐃᛶ࡟ඃࢀࡓࣅࢱ࣑ࣥ A
ࣃ࣑ࣝࢸ࣮ࢺࢆὶືࣃࣛࣇ࢕ࣥ࡟⁐ゎࠊ 2-2-5 ࡟グ㍕ࡢ᪉ἲ࡛㓟໬ࣞ࣋ࣝࢆኚ࠼
ࡓぶỈᛶ⏺㠃άᛶ๣㸦HCO60㸧ࢆ⏝࠸࡚ O/W ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡋࠊ50Υ࡟
࡚ಖᏑࠊ17 ᪥ᚋࡢṧᏑ⋡ࢆ ᐃࡋࡓ⤖ᯝࢆ Fig.16 ࡟♧ࡍࠋࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ
࣮ࢺࡢṧᏑ㔞ࡣࠊHCO60 ࡢ POV ್ࡀቑຍࡍࡿ࡜࡜ࡶ࡟┤⥺ⓗ࡟పୗࡋࡓࡇ࡜࠿
ࡽࠊࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢṧᏑ㔞ࡣࠊ࢚࣐ࣝࢩࣙࣥᇶ๣୰࡟ྵࡲࢀࡿ㐣㓟
໬≀⃰ᗘ࡟౫Ꮡࡋ࡚࠸ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋḟ࡟ࠊW/O ங໬๣࡜ࡋ࡚⏝࠸ࡓ᭷ᶵኚ
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ᛶᖺ㖔≀࡜㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࡢᙳ㡪ࢆㄪ࡭ࡓࠋ᭷ᶵኚᛶ⢓ᅵ㖔≀࡜ࡋ࡚ࠊኳ
↛࣋ࣥࢺࢼ࢖ࢺࢆ 4 ⣭࢔ࣥࣔࢽ࣒࢘ᆺ࢝ࢳ࢜ࣥᛶ⏺㠃άᛶ๣࡛᭷ᶵኚᛶࡋࡓ࣋
ࣥࢺࣥ 38 ࡜ࠊྜᡂࢫ࣓ࢡࢱ࢖ࢺࢆ᭷ᶵኚᛶࡋࡓࢫ࣓ࢡࢺࣥ DS-100 ࢆ⏝࠸࡚࠸
ࡿࡀࠊኳ↛⢓ᅵ࠿ࡽసࡽࢀࡿ࣋ࣥࢺࣥ 38 ࡣࠊFe203 ➼ࡢ㔠ᒓ㓟໬≀ࢆከࡃྵࡴࠋ
㕲࢖࢜ࣥࡣ⬡㉁ࡢ㐣㓟໬࡟ᑐࡍࡿຠᯝⓗ࡞ゐ፹࡜ࡋ࡚ᶵ⬟ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚
࠾ࡾࠊࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢᏳᐃᛶ࡟ᝏᙳ㡪ࢆཬࡰࡍ࡜⪃࠼ࡽࢀࡿ୍ࠋ ᪉ࠊ
ྜᡂ⢓ᅵ࠿ࡽసࡽࢀࡿࢫ࣓ࢡࢺࣥ DS-100 ࡟ࡣ㕲ࡣྵࡲࢀ࡞࠸ࠋ⏺㠃άᛶ๣࡜ࡋ
࡚ࡣࠊ␯Ỉᇶ࡜ࡋ࡚࢖ࢯࢫࢸ࢔ࣜࣥ㓟ࢆ᭷ࡍࡿ PEIS ࡜ࠊ࢜ࣞ࢖ࣥ㓟ࢆ᭷ࡍࡿ࣏
ࣜ࢜࢟ࢩ࢚ࢳࣞࣥࢪ࢚࣮࢜ࣞࢺ㸦࢚࣐ࣞࢵࢡࢫ 600 di-Oࠊ᪥ᮏ࢚࣐ࣝࢩࣙࣥ㸧ࢆ
⏝࠸ࡓࠋ࢚࣐ࣞࢵࢡࢫ 600 di-O ࡢ POV ್ࡣ 324 meq/kg ࡛࠶ࡾࠊ࢚࣐ࣞࢵࢡࢫ
600 di-IS ࡢ POV ್ࡣ᳨ฟࡉࢀ࡞࠿ࡗࡓࠋࡇࢀࡽࢆ⤌ࡳྜࢃࡏࠊO/W/O ᆺ࢚࣐ࣝ
ࢩࣙࣥࢆㄪ〇ࡋࠊ50Υ࡛ಖᏑࡋ⤒᫬࡛ࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢṧᏑ⋡ࢆ ᐃ
ࡋࡓࠋ⤖ᯝࢆ Fig.17 ࡟♧ࡍࠋࢫ࣓ࢡࢺࣥ DS-100 ࡜࢚࣐ࣞࢵࢡࢫ 600di-IS ࡢ⤌ࡳ
ྜࢃࡏ࡛ㄪ〇ࡋࡓ࢚࣐ࣝࢩ࡛ࣙࣥࠊ61.8㸣࡜᭱ࡶ㧗࠸್ࢆ♧ࡋࡓࠋ୍᪉࡛ࠊ࣋ࣥ
ࢺࣥ 38 ࡜࢚࣐ࣞࢵࢡࢫ 600 di-O ࡢ⤌ࡳྜࢃࡏ࡛ㄪ〇ࡋࡓ࢚࣐ࣝࢩ࡛ࣙࣥࡣࣅࢱ
࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢṧᏑ⋡ࡣඖࡶపࡃࠊ14.4㸣࡛࠶ࡗࡓࠋෆ┦୰࡟⁐ゎࡋࡓࣅ
ࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢṧᏑ⋡࡟ࠊእἜ┦୰࡟ྵࡲࢀࡿ W/O ங໬๣ࡶ኱ࡁ࡞ᙳ
㡪ࢆཬࡰࡍࡇ࡜ࠊࡲࡓ㐣㓟໬≀ࡸ㔠ᒓ࢖࢜ࣥࡢᏑᅾࡀࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺ
ࡢ㓟໬ศゎࢆಁ㐍ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
5-2-4-3. ࢚࣐ࣝࢩࣙࣥ⤌ᡂࡢᙳ㡪  
 ḟ࡟ࠊO/W/O ࢚࣐ࣝࢩࣙࣥ୰ࡢෆἜ┦㔞ࢆኚ࠼࡚ྠᵝࡢᐇ㦂ࢆ⾜ࡗࡓࠋἜ┦ẚ
ࡀ 0.1㹼0.5 ࡢࣞࢳࣀ࣮ࣝ㓄ྜ O/W ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ᚋࠊ᭦࡟ࡇࢀࡽࡢ O/W ࢚
࣐ࣝࢩࣙࣥࢆ⏝࠸࡚ O/W/O ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡋࠊ50Υ2 㐌㛫ᚋࡢࣞࢳࣀ࣮ࣝ
ṧᏑ⋡ࢆ ᐃࡋࡓࠋ࡞࠾ࠊᶓ㍈ࡢෆἜ┦ẚȭ i ࡣࠊO/W ࢚࣐ࣝࢩࣙࣥ࡟࠾ࡅࡿෆ
Ἔ┦ࡢẚ⋡ࢆ⾲ࡋ࡚࠸ࡿࠋ⤖ᯝࢆ Fig.18 ࡟♧ࡍࠋO/W ࢚࣐ࣝࢩ࡛ࣙࣥࡣࠊࣞࢳ
ࣀ࣮ࣝṧᏑ⋡ࡣἜ┦ẚ࡟౫Ꮡࡏࡎࠊ⣙ 62㸣࡛࠶ࡗࡓࠋ୍᪉ࠊࡇࢀࢆ O/W/O ࢚࣐
ࣝࢩࣙࣥ࡜ࡋࡓሙྜ࡟ࡣࠊO/W ࢚࣐ࣝࢩࣙࣥ୰ࡢἜ┦ẚࡀࠊ0.1 ࠿ࡽ 0.5 ࡟㧗ࡲ
ࡿࡢ࡟క࠸ࠊࣞࢳࣀ࣮ࣝࡢṧᏑ⋡ࡶ 62㸣࠿ࡽ 71㸣࡬࡜ྥୖࡋࡓࠋO/W/O ࢚࣐ࣝ
ࢩࣙࣥ࡟࠾ࡅࡿෆἜ┦ẚ࡜ࣞࢳࣀ࣮ࣝᏳᐃᛶࡢ㛵ಀࢆ⪃ᐹࡍࡿࡓࡵࠊ⤒᫬࡛ࡢࣞ
ࢳࣀ࣮ࣝෆໟ⋡㸦඲ࣞࢳࣀ࣮ࣝ㓄ྜ㔞࡟ᑐࡍࡿ᭱ෆἜ┦࡟ྵࡲࢀࡿࣞࢳࣀ࣮ࣝࡢ
100 
ẚ⋡㸸wt㸣㸧ኚ໬ࢆ ᐃࡋࡓ⤖ᯝࢆ Fig.19 ࡟♧ࡍࠋㄪ〇┤ᚋࡢࣞࢳࣀ࣮ࣝෆἲ⋡
ࡀ 100㸣࡛࡞࠸ࡢࡣࠊO/W ࢚࣐ࣝࢩࣙࣥࢆእἜ┦୰࡟ 2 ḟங໬ࡍࡿ㝿ࡢங໬⢏Ꮚ
ࡢྜ୍ࡀཎᅉ࡜⪃࠼ࡽࢀࡿࠋȭ i ࡀ㧗࠸࡯࡝ෆໟ⋡ࡀ㧗࠸⌮⏤࡟ࡘ࠸࡚ࡣࡣࡗࡁ
ࡾ࡜ࡣࢃ࠿ࡽ࡞࠸ࡀࠊ௬࡟ 2 ḟங໬ࡢ㝿࡟እἜ┦࡟⼥ྜࡉࢀࡿෆἜ⁲ࡢᩘࡀෆἜ
┦ẚ࡟ࡼࡽࡎ኱యྠࡌ࡛࠶ࡿ࡜⪃࠼ࡿ࡜ࠊෆἜ┦ẚࡀ㧗࠸࡯࡝ྠࡌᩘࡢἜ⁲࡟ྵ
ࡲࢀࡿࣞࢳࣀ࣮ࣝࡢ㔞ࡣᑡ࡞ࡃ࡞ࡾࠊෆἲ⋡ࡣୖ᪼ࡍࡿࠋ2 㐌㛫ᚋࡢࣞࢳࣀ࣮ࣝ
ෆໟ⋡ࡶෆ┦ẚࡀ㧗࠸࡯࡝㧗࠸ࡀࠊࡑࡢഴྥࡣㄪ〇┤ᚋࡼࡾࡶ㢧ⴭ࡛࠶ࡿࠋࡇࡢ
⌮⏤࡜ࡋ࡚ࡣࠊෆἜ┦ẚࡀప࠸࡯࡝Ἔ┦୰ࡢࣞࢳࣀ࣮ࣝ⃰ᗘࡀ㧗ࡲࡾࠊእἜ┦࡬
ࡢࣞࢳࣀ࣮ࣝࡢ⛣ື㸦༶ࡕෆໟ⋡ࡢపୗ㸧ࡀಁ㐍ࡉࢀࡿࡓࡵ࡜⪃࠼ࡽࢀࡿࠋࡓ࡜
࠼ࡤࠊFig.20 ࡟♧ࡍࡼ࠺࡟ࠊෆἜ┦ࡀ඲యࡢ 10wt㸣ࡢᇶ๣࡜ࠊෆἜ┦ࡀ 20wt㸣
ࡢᇶ๣ࢆẚ㍑ࡍࡿ࡜ࠊෆἜ┦ࡀ 10wt㸣ࡢᇶ๣ࡢෆἜ┦୰ࡢࣞࢳࣀ࣮ࣝ⃰ᗘࡣ 2
ಸ㧗ࡃࠊෆἜ┦୰࡜እἜ┦୰ࡢࣞࢳࣀ࣮ࣝ⃰ᗘࡢᕪ㸦ǼC retinol㸧ࡣ㧗ࡃ࡞ࡾࠊ
ࣞࢳࣀ࣮ࣝࡢእἜ┦࡬ࡢ⛣⾜㏿ᗘࡣ㏿࠸࡜⪃࠼ࡽࢀࡿࠋȭ i㸻0.5 ࡟࠾࠸࡚ࠊㄪ〇
2 㐌㛫ᚋࡢෆἲ⋡ࡀୗࡀࡗ࡚࠸ࡿࡢࡣࠊO/W/O ᇶ๣⮬యࡢᏳᐃᛶࡢᝏ໬ࡀཎᅉ࡜
⪃࠼࡚࠸ࡿࠋFig.19 ࡟♧ࡋࡓ 50Υࠊ2 㐌㛫ಖᏑᚋࡢࣞࢳࣀ࣮ࣝෆໟ⋡࡜ࠊFig.18
࡟♧ࡋࡓࣞࢳࣀ࣮ࣝṧᏑ⋡ࡣᴟࡵ࡚┦㛵ࡀ㧗ࡃࠊO/W/O࢚࣐ࣝࢩࣙࣥ࡟࠾࠸࡚ࠊ
୙Ᏻᐃ⸆๣ࢆᏳᐃ໬ࡍࡿࡓࡵ࡟ࡣ᭱ࠊ ෆἜ┦࡟⸆๣ࢆ㛢ࡌ㎸ࡵ࡚࠾ࡃᚲせࡀ࠶ࡿ
ࡇ࡜ࡀศ࠿ࡗࡓࠋࡲࡓࠊTable 6 ࡛ࠊO/W ࡼࡾࡶ W/O ᇶ๣୰ࡢࣞࢳࣀ࣮ࣝṧᏑ⋡
ࡀ㧗࠿ࡗࡓ⌮⏤࡜ࡋ࡚ࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀࡬ࡢࣞࢳࣀ࣮ࣝ྾╔ࢆᣲࡆࡓࡀࠊ
O/W/O ᇶ๣࡟࠾࠸࡚ࡶࠊW/O ⏺㠃࡟྾╔ࡋࡓ⢓ᅵ㖔≀ࡀࠊෆἜ┦࠿ࡽእἜ┦࡬
⛣⾜ࡍࡿࣞࢳࣀ࣮ࣝࢆ྾╔ࡋࠊእἜ┦୰࡬ࡢ⁐ゎࢆᢚไࡋ࡚ࠊࣞࢳࣀ࣮ࣝࡢᏳᐃ
ᛶࢆྥୖࡉࡏ࡚࠸ࡿ࡜⪃࠼࡚࠸ࡿࠋ  
5-2-4-4. ᢠ㓟໬๣ࡢᙳ㡪  
  O/W/O ࢚࣐ࣝࢩࣙࣥ୰ࡢࣞࢳࣀ࣮ࣝࡢᏳᐃᛶࢆ᭦࡟㧗ࡵࡿࡓࡵࠊぶỈᛶཬࡧ
ぶἜᛶࡢᢠ㓟໬๣࡛࠶ࡿࢪࣈࢳࣝࣄࢻࣟ࢟ࢩࢺ࢚ࣝࣥ㸦BHT㸧0.05wt㸣ࠊ࢔ࢫࢥ
ࣝࣅࣥ㓟ࢼࢺ࣒ࣜ࢘㸦AsANa㸧 0.1wt㸣ࠊ࠾ࡼࡧ㔠ᒓ࢖࣮࢜ࣥ࢟ࣞࢺ๣࡛࠶ࡿ
EDTA࣭3Na㸦EDTA㸧0.1wt㸣ࢆ㓄ྜࡋࠊࡑࡢᙳ㡪ࢆㄪ࡭ࡓࠋ⤒᫬࡛ࡢࣞࢳࣀ࣮ࣝ
ṧᏑ⋡ࢆ Fig.21 ࡟♧ࡍࠋᢠ㓟໬๣࡜ࡋ࡚ࡣࠊἜ⁐ᛶ࡛࠶ࡿ BHT ࡼࡾࡶࠊỈ⁐ᛶ
ࡢ AsANa ࡢ࡯࠺ࡀຠᯝࡀ㧗࠿ࡗࡓࠋEDTA࡛ࣞࢳࣀ࣮ࣝᏳᐃᛶࡀపୗࡋࡓࡢࡣࠊ
EDTA 㓄ྜ࡟ࡼࡾ O/W/O ࢚࣐ࣝࢩࣙࣥࡀ୙Ᏻᐃ໬ࡋࠊἜᾋࡁࡀぢࡽࢀࡓࡓࡵ࡜
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⪃࠼ࡽࢀࡿࠋࡍ࡭࡚ࡢᢠ㓟໬๣㸦BHTࠊAsANaࠊEDTA3Na㸧ࢆ㓄ྜࡋࡓ O/W/O ࢚
࣐ࣝࢩࣙࣥ୰ࡢࠊ50Υࠊ4 㐌㛫ᚋࡢࣞࢳࣀ࣮ࣝṧᏑ⋡ࡣ⣙ 77.1㸣࡛࠶ࡾࠊᢠ㓟໬
๣ࢆྵࡲ࡞࠸࢚࣐ࣝࢩࣙࣥ࡜ẚ㍑ࡋ࡚⣙ 20㸣ࡶྥୖࡋࡓࠋ  
 
5-3㸬≉ᚩࡢ࠶ࡿ౑⏝ឤゐࢆ᭷ࡍࡿ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ  
5-3-1. ᮏ◊✲ࡢ┠ⓗ  
5-2-4 ࡛ࡣࠊW/O ⏺㠃ࢆ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢࡼ࠺࡞ᅛయ࡛そ࠺ࡇ࡜ࡀࠊ࢚࣐ࣝࢩ
ࣙࣥࡢᏳᐃᛶྥୖࡢࡳ࡞ࡽࡎ⸆๣ࡢᏳᐃ໬ࢆࡶࡓࡽࡍࡇ࡜ࡀศ࠿ࡗࡓࠋW/O ⏺
㠃ࡔࡅ࡛࡞ࡃ O/W ⏺㠃ࡶᅛ໬ࡍࡿ࡜ࠊఱࡽ࠿ࡢ≉ᚩࡀⓎ⌧ࡍࡿࡢ࡛ࡣ࡞࠸࠿࡜
⪃࠼ࠊࢡࣛࣇࢺⅬࡀẚ㍑ⓗ㧗࠸࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆ⏝࠸࡚ㄪ〇ࡋࡓ O/W ᆺ࢚
࣐ࣝࢩࣙࣥࢆࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀ࢆྵࡴࢩࣜࢥ࣮ࣥἜ୰࡟෌ங໬ࡍࡿࡇ࡜࡛ࠊ
O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡋࠊࡑࡢ≉ᚩࢆㄪ࡭ࡓ࡜ࡇࢁࠊ㠀ᖖ࡟≉
␗ⓗ࡞౑⏝ឤゐࢆ᭷ࡍࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ໬⢝ရ࡛ࡣࡑࡢᶵ⬟ࡶࡉࡿࡇ࡜࡞ࡀࡽࠊ
౑⏝ឤゐࡶ㉎㈙ពḧ࡟ࡘ࡞ࡀࡿ኱ࡁ࡞ࣇ࢓ࢡࢱ࣮ࡢ୍ࡘ࡛࠶ࡿࠋ࣐ࣝࢳࣉ࢚࣐ࣝ
ࣝࢩࣙࣥࡢከᒙᵓ㐀ࠊࡑࡇ࡟஧ࡘࡢ◳࠸⏺㠃ࢆࡘࡃࡿࡇ࡜࡛ࠊ༢⣧࢚࣐ࣝࢩࣙࣥ
࡜ࡣࢲ࢖ࢼ࣑ࢵࢡ࡟␗࡞ࡿࣞ࢜ࣟࢪ࣮≉ᛶࢆᣢࡓࡏࠊ໬⢝ရ࡬ᛂ⏝ࡋࡓෆᐜ࡟ࡘ
࠸࡚௨ୗ࡟㏙࡭ࡿࠋ  
5-3-2. ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢࣞ࢜ࣟࢪ࣮ ᐃ࡟㛵ࡍࡿ◊✲  
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡣ」㞧࡞⣔࡛࠶ࡿࡓࡵࠊࣞ࢜ࣟࢪ࣮ⓗᡭἲࢆ⏝࠸࡚࢚
࣐ࣝࢩࣙࣥࡢ≧ែࢆ㆟ㄽࡍࡿࡢࡣ㠀ᖖ࡟ᅔ㞴࡛࠶ࡿ࡜ゝ࠼ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ┦
ẚࠊෆ࣭እ┦ࡢ⢓ᗘẚࡢኚ໬ࠊࢩ࢙࢔௜ຍ➼࡟క࠺⢓ᙎᛶᣲືࡢኚ໬ࢆㄪ࡭ࠊ࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᏳᐃᛶࢆホ౯ࡍࡿࡢ࡟ᛂ⏝ࡋࡓ◊✲౛ 53,54 ࡸࠊ⏺㠃ࡢ
≉ᛶࢆㄪ࡭ࡓ◊✲౛ 55 ࡶぢࡽࢀࡿࠋ༢⣧࢚࣐ࣝࢩࣙࣥ࡜ࡣ␗࡞ࡿ࣐ࣝࢳࣉ࢚ࣝ
࣐ࣝࢩࣙࣥࡢࣞ࢜ࣟࢪ࣮ᣲືࡣࠊෆ┦ࡢᏑᅾ࡟ࡼࡾࠊ୰㛫⢏Ꮚෆࡢὶࢀࡀᢚไࡉ
ࢀࡿࡓࡵ࡟ᘬࡁ㉳ࡇࡉࢀࡿ࡜⪃࠼ࡽࢀࡿࡀࠊ༢⣧࢚࣐ࣝࢩࣙࣥ࡟㐺⏝ࡉࢀࡿィ⟬
ᘧ࡟࠶࡚ࡣࡵࡿヨࡳࡶ࡞ࡉࢀ࡚࠸ࡿ 56 ࠋ  
5-3-3. ᐇ㦂᪉ἲ  
5-3-3-1. O/W ᆺ࢚࣐ࣝࢩࣙࣥࡢㄪ〇  
ẚ㍑ⓗࢡࣛࣇࢺᒎࡢ㧗࠸⬡⫫㓟▼㮯ࡸ࢔࣑ࣀ㓟⣔ࡢ࢔ࢽ࢜ࣥ⏺㠃άᛶ๣ࢆ⏝
࠸ࠊ㧗ᅽங໬ἲ࡟ࡼࡾㄪ〇ࡉࢀࡓ O/W ᆺ࢚࣐ࣝࢩࣙࣥࡣࠊங໬⢏Ꮚᚄࡀᩘ 100nm
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⛬ᗘࡢ༙㏱᫂࡞እほࢆ᭷ࡋࠊ0㹼50Υࡢᖜᗈ࠸ ᗘ࡛㛗᫬㛫Ᏻᐃ࡛࠶ࡿࡇ࡜ࡀศ
࠿ࡗ࡚࠸ࡿ 57ࠋN-ࢫࢸ࢔ࣟ࢖ࣝࢢࣝࢱ࣑ࣥ㓟ࢼࢺ࣒ࣜ࢘㸦࢔࣑ࢯࣇࢺ HS-11ࠊ࿡
ࡢ⣲㸧ࢆྵࡴỈ┦࡟ࠊ㧗⣭࢔ࣝࢥ࣮ࣝ࡜ὶືࣃࣛࣇ࢕ࣥࢆΰྜࡋࠊ80Υ࡟࡚㧗ᅽ
ங໬⿦⨨㸦ࢼࣀࣦ࢙࢖ࢲࠊྜྷ⏣⯆ᴗ㸧࡟ࡼࡾ O/W ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࠊᐊ 
ࡲ࡛෭༷ᚋࠊ᭷ᶵኚᛶ⢓ᅵ㖔≀㸦࣋ࣥࢺࣥ 38ࠊࢬ࣮ࢻࢣ࣑࣮㸧ࠊ࣏࢚࣮ࣜࢸࣝኚ
ᛶࢩࣜࢥ࣮ࣥ㸦KF-6017ࠊಙ㉺໬Ꮫ㸧ࢆᆒ୍࡟ΰྜࡋࡓ᥹Ⓨᛶࢩࣜࢥ࣮ࣥἜ୰࡟
࣑࣍ࣔ࢟ࢧ࣮㸦TK ࣑࣍ࣔ࢟ࢧ࣮ࠊࣉࣛ࢖࣑ࢡࢫ㸧ࢆ⏝࠸࡚㸰ḟங໬ࡋࠊO/W/O
ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡋࡓࠋฎ᪉ࢆ Table 5 ࡟♧ࡍࠋࡇࡢ࢚࣐ࣝࢩࣙࣥࡣࠊ0㹼
50Υࡢ ᗘ⠊ᅖ࡟࠾࠸࡚ 1 ࠿᭶ᚋࡶ⢓ᗘࠊங໬⢏Ꮚᚄ࡜ࡶ࡟ኚ໬ࡀ࡞ࡃ㠀ᖖ࡟Ᏻ
ᐃ࡛࠶ࡗࡓࠋࡇࢀࡣࠊ0㹼50Υࡢ ᗘ⠊ᅖ࡟࠾࠸࡚ࠊぶỈᛶ⏺㠃άᛶ๣ࡢỈ┦࡬
ࡢ⁐ゎᗘࡀప࠸ࡓࡵ࡟ࠊW/O ங໬ࡢ୙Ᏻᐃ໬࡬ࡢᐤ୚ࡀᑡ࡞࠸ࡓࡵ࡜⪃࠼ࡽࢀ
ࡿࠋ  
5-3-3-2. ᪂つࣞ࢜ࣟࢪ࣮ ᐃ⿦⨨࡟ࡼࡿ౑⏝ឤࡢホ౯  
 ⓶⭵ୖ࡛ࡢ໬⢝ရࡢ≧ែኚ໬ࢆㄪ࡭ࡿࡓࡵ࡟ࡣࠊ⁐፹ࡢ᥹Ⓨࢆ⪃៖ࡋࡘࡘሬࡾ
ఙࡤࡋ᫬ࡢᛂຊኚ໬ࢆᤊ࠼ࡿ⿦⨨ࡀᚲせ࡛࠶ࡿࡓࡵࠊ Fig.22 ࡟♧ࡍࡼ࠺࡞⿦⨨
㸦㌿┦ ᐃ⿦⨨ 58㸧ࢆ⏝࠸ࠊ㛤ᨺ⣔࡛ࡢ ᐃࢆᐊ ࡟࡚⾜ࡗࡓࠋᖹࡽ࡞ᇶᯈୖ࡟
࣏ࣜ࢖࣑ࢻ⭷ࢆ㈞ࡾࠊࡑࡢୖ࡟ࢧࣥࣉࣝ 50ȣ l ࢆ⨨࠸ࡓࠋ20g ࡢⲴ㔜ࢆ࠿ࡅ࡞ࡀ
ࡽࠊࢧࣥࣉࣝࡢୖ࡛ᛂຊࢭࣥࢧᦚ㍕ࢳࢵࣉࢆ ᚟㐠ືࡉࡏࠊሬࡾఙࡤࡋ᫬࡟࠿࠿
ࡿືᦶ᧿ಀᩘࡢኚ໬ࢆ ᐃࡋࡓࠋ  
5-3-4. ⤖ᯝ࠾ࡼࡧ⪃ᐹ  
Table 5 ࡟♧ࡍฎ᪉࡛ㄪ〇ࡋࡓ W/O ᆺ࢚࣐ࣝࢩࣙࣥ࡜ෆἜ┦ẚࢆኚ࠼ࡓ O/W/O
ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ౑⏝ឤゐࢆ㌿┦ ᐃ⿦⨨ࢆ⏝࠸࡚ẚ㍑ࡋࡓ
㸦Fig.23㸧ࠋ㹕 /㹍ᆺ࢚࣐ࣝࢩ࡛ࣙࣥࡣᚎࠎ࡟ᦶ᧿ಀᩘࡀୖ᪼ࡍࡿࡢࡳ࡛࠶ࡿࡢ࡟
ᑐࡋࠊ㹍 /㹕 /㹍ᆺ࢚࣐ࣝࢩ࡛ࣙࣥࡣࠊሬࡾࡢࡤࡋጞࡵ࡟ᦶ᧿ಀᩘࡀୖ᪼ࡋࠊࡑࡢ
ᚋᛴ⃭࡟పୗࡋ᭱ࠊ ⤊ⓗ࡟ࡣ෌ࡧୖ᪼࡟㌿ࡌࡿ࡜࠸ࡗࡓ」㞧࡞ࣃࢱ࣮ࣥࢆ♧ࡋ࡚
࠸ࡓࠋ  
W/OࠊO/W/O ඹ࡟ሬᕸጞࡵ࡟ᦶ᧿ಀᩘࡀୖ᪼ࡋࡓࡀࠊࡇࢀࡣእἜ┦ࡢ᥹Ⓨ࡟క
࠸ෆ┦ẚࡀ㧗ࡲࡾࠊ⢓ᗘࡀୖ᪼ࡋ࡚࠸ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊ
O/W/O ᆺ࢚࣐ࣝࢩࣙࣥ࡟≉ᚩⓗ࡞ 2 ᅇࡢኚ໬ࡣࠊෆἜ┦ẚࡀ㧗࠸࡯࡝㢧ⴭ࡛࠶
ࡗࡓࠋෆἜ┦ẚ 8wt㸣ࡢ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆࠊỈࡢ⢏Ꮚᚄࢆኚ࠼࡚ㄪ〇ࡋ
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ྠࡌࡃ㌿┦⢓ᗘィ࡛ ᐃࡋࡓ⤖ᯝࢆ Fig.24 ࡟♧ࡍࠋỈ⢏Ꮚᚄࡀ኱ࡁ࠸࡯࡝ 1 ᅇ
┠ࡢኚ໬ࡀ᪩ࡃ㉳ࡁ࡚࠾ࡾࠊࡇࡢኚ໬ࡀỈ⢏Ꮚࡢ◚ቯ࡟㛵㐃ࡍࡿ⌧㇟࡛࠶ࡿࡇ࡜
ࡀ♧၀ࡉࢀࡓࠋ  
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ」㞧࡞ᦶ᧿ಀᩘኚ໬ࡢཎᅉࢆㄪ࡭ࡿࡓࡵࠊ౑⏝ឤゐ
ࡢኚ໬๓ᚋ࡛ங໬⢏Ꮚࢆ㢧ᚤ㙾ほᐹࡋࡓ㸦Fig.25㸧ࠋ⌫≧࡛࠶ࡗࡓ⢏Ꮚ (a)ࡀࠊᦶ᧿
ಀᩘࡀᛴపୗࡋࡓᚋࡣྜ୍ࡋ࡚኱ࡁ࡞⢏Ꮚ (b)࡟࡞ࡗ࡚࠾ࡾࠊ෌ࡧୖ᪼ࡋࡓᚋࡣ
ෆἜ┦୰࡟ྵࡲࢀࡿ㧗⣭࢔ࣝࢥ࣮ࣝ࡞࡝ࡢᅛᙧἜศࡀᯒฟࡋ࡚࠸ࡿ (c)ᵝᏊࡀほ
ᐹࡉࢀࡓࠋࡇࢀࡼࡾࠊᦶ᧿ಀᩘࡢᛴ⃭࡞పୗࡣỈ⢏Ꮚࡢᛴ⃭࡞◚ቯ࡟ࡼࡿ㞳Ỉࠊ
᭱ᚋࡢᦶ᧿ಀᩘࡢୖ᪼ࡣỈ┦ࡢ᥹Ⓨ࡟క࠺ෆἜ୰ᅛᙧἜศࡢ⓶⭵࡬ࡢ௜╔࡟㉳
ᅉࡍࡿ࡜⪃࠼ࡽࢀࡿࠋW/O ங໬ࡢ◚ቯ࡛࠶ࡿᦶ᧿ಀᩘࡢᛴపୗࡣࠊእἜ┦࡟୙᥹
ⓎᛶࡢἜศࢆ⏝࠸ࡿ࡜㉳ࡇࡽ࡞ࡃ࡞ࡿࡇ࡜ࠊࡲࡓỈ┦⢏Ꮚࡀ኱ࡁ࠸࡯࡝ࠊW/O ங
໬๣ࡀᑡ࡞࠸࡯࡝ࡀ᪩ࡃ㢧ⴭ࡛࠶ࡿࡇ࡜࡞࡝ࡢ⤖ᯝ࠿ࡽࠊሬᕸ࡟ࡼࡿࢩ࢙࢔࡜እ
Ἔ┦ࡢ᥹Ⓨ࡟ࡼࡿ┦ẚࣂࣛࣥࢫࡢᔂࢀ࡟ࡼࡾᘬࡁ㉳ࡇࡉࢀࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
Fig.26 ࡟ࠊTable 5 ࡛♧ࡋࡓฎ᪉ࡢ W/O ࢚࣐ࣝࢩࣙࣥ࡜ෆἜ┦ẚ 12wt㸣ࡢ
O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢእほࢆ♧ࡍࠋෆ┦ẚࡀྠࡌ࡛ࡶෆἜ┦㔞ࡀ
ከ࠸᪉ࡀᇶ๣ࡀ◳࠸㸦ሬᕸ┤ᚋࡢᦶ᧿ಀᩘࡀ㧗࠸㸧ࡇ࡜ࠊᦶ᧿ಀᩘኚ໬ࡣෆἜ┦
㔞ࡀከ࠸࡯࡝㢧ⴭ࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓ㸦ᅗ 10㸧ࠋࡇࡢཎᅉ࡜ࡋ࡚ḟࡢࡼ࠺࡟⪃
࠼ࡓࠋ㏻ᖖࡢ W/O ࢚࣐ࣝࢩࣙࣥࡢሙྜࠊእἜ┦ࡢ᥹Ⓨ࡟క࠺⢓ᗘୖ᪼ࠊࢩ࢙࢔
࡟ࡼࡿ⢏Ꮚ◚ቯࠊ࣑ࢡࣟ࡟㞳ỈࡋࡓỈ┦ࡢ᥹Ⓨࡀᚎࠎ࡟ྠ᫬㐍⾜ࡋࠊ᭱⤊ⓗ࡟ṧ
Ꮡᡂศࡢឤゐ࡟㐩ࡍࡿࡲ࡛ᛴ⃭࡞ኚ໬ࢆឤ▱ࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠸୍ࠋ ᪉࣐ࣝࢳࣉ
࢚࣐ࣝࣝࢩࣙࣥࡢሙྜࠊෆἜ⁲ࡀከ࠸࡯࡝Ỉ⢏Ꮚࡢṍࡳࡀᢚไࡉࢀ࡚ᇶ๣ࡣ◳ࡃ
࡞ࡾࠊࢩ࢙࢔ࢆຍ࠼ࡿ࡜ᰂ㌾࡟ኚᙧ࡛ࡁ࡞࠸Ỉ⢏Ꮚࡀ୍Ẽ࡟ቯࢀ࡚㞳Ỉ⌧㇟ࢆ㉳
ࡇࡋࠊࡇࢀࡀఙࡧࡢኚ໬࡜ࡋ࡚ឤ▱ࡉࢀࡿࡶࡢ࡜ᛮࢃࢀࡿࠋࡇࡢ≉ᚩⓗ࡞ឤゐኚ
໬ࢆ࠸࠿ࡋࠊᮏ◊✲ࡣ࣐ࢵࢧ࣮ࢪࢡ࣮࣒ࣜ࡟ά⏝ࡉࢀࡓ 59ࠋ  
 
5-4㸬⤖ゝ  
 ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ࡟ࡣ࠸ࡃࡘࡶࡢ⏺㠃ࡀᏑᅾࡋࠊ࠸ࢁ࠸ࢁ࡞せ⣲ࡀ஫࠸
࡟࠿ࡽࡳྜࡗ୍࡚ࡘࡢ」㞧࡞⣔ࢆసࡾୖࡆ࡚࠸ࡿ᭱ࠋ ෆ┦ࡣศᩓ┦ࡢࡉࡽ࡟ෆഃ
࡟Ꮡᅾࡍࡿࡓࡵࠊ≉࡟ࡑࡢ⏺㠃࡟ࡘ࠸࡚ࡢ◊✲ࡣᅔ㞴࡛࠶ࡿࠋ௒ᅇ≉࡟ࠊ≉ᚩⓗ
࡞౑ឤゐ࡟ࡘ࠸࡚ヲࡋࡃ㏙࡭ࡓࡀࠊ༢⣧࢚࣐ࣝࢩࣙࣥ࡜ࡢẚ㍑࠿ࡽ᥎ᐹࡍࡿ࡜࠸
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ࡗࡓࡼ࠺࡞ࠊẚ㍑ⓗ㛫᥋ⓗ࡞ᡭἲ࡟೫ࡗࡓࡁࡽ࠸ࡀ࠶ࡿࠋ௒ᚋࡶ࣐ࣝࢳࣉ࢚࣐ࣝ
ࣝࢩࣙࣥ࡟ࡘ࠸࡚ࡢᇶ♏ⓗ࡞▱ぢࡀᚓࡽࢀࡿࡇ࡜ࢆᮇᚅࡍࡿࠋ  
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Fig.1 Schematic illustration of multiple emulsion
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Fig.2 Process of destabilization of multiple emulsion 
O/W Emulsion O/W/OMultiple Emulsion
Oil
Fig.3  Schematic representation of a O/W/O multiple emulsion
Fig.4 Schematic Illustration of interfaces of multiple emulsions
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Fig. 5 Chemical Formula of All-trance Retinol
Measured 
material
condition
Reversed-phase 
HPLC column 
Vitamin A Vydac 201TP 104 C18, 4.6 x 250 mm 
(The Separations Group, Hesperia , 
CA) 
Vitamin A 
palmitate
Capcellpak UG 120 C18, 4.6 x 150 
mm (Shiseido) 
mobile phase Vitamin A 10 mmol/L potassium  phosphate 
monobasic and 2 mmol/L potassium 
phosphate dibasic 
solution/acetonitrile (4:6) 
Vitamin A 
palmitate
methanol 
f1ow rate Vitamin A 1.0 mL/min 
Vitamin A 
palmitate
2.0 mL/min
detection 325nm
column oven temperature 40Υ
Table 1 Condition of HLPC measurement
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Table 2  Formula of O/W/O emulsion for varying concentration of 
hydrophilic surfactant
Material Content (wt%)
Inner oil phase Liquid Paraffin 20
Water phase
1,3-butylen glycol
PEG60 caster oil (HCO60)
Water
10
A
40-A
Outer oil phase
Liquid paraffin
Organoclay (OCDS)
PEG14 Di-isostearate (PEIS)
27
0.4
2
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Fig.6  Effect of the concentration of the hydrophilic surfactant on the 
diameter of internal oil droplets (䖃), and the viscosity of O/W/O 
emulsion (䕔).  The concentration means wt% to the whole O/W/O 
emulsion weight (all of the following graphs are the same).  The solid 
line are connected and data points.
110
1 : 0.3
0
0.5
1
1.5
2
2.5
3
0 0.2 0.4 0.6 0.8 1 1.2
PEIS / wt%
O
C
D
S 
 / 
w
t %
Fig.7  Phase diagram of OCDS / PEIS system for O/W/O 
emulsion.  The open circle (䕿) represents the stable state of 
O/W/O emulsion, the open triangle (䕧), unstable at 50Υ for 1 
month, cross (㽢), no O/W/O emulsion obtained.
Table 3  Formula of O/W/O emulsion for varying concentration of 
lipophilic surfactant and organoclay
Material Content (wt%)
Inner oil phase Liquid Paraffin 20
Water phase
1,3-butylen glycol
PEG60 caster oil (HCO60)
Water
10
1
39
Outer oil phase
Liquid paraffin
Organoclay (OCDS)
PEG14 Di-isostearate (PEIS)
30-A-B
A
B
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Fig.8  Optical photomicrographs for O/W/O emulsions; 1 Initial 
condition of O/W/O emulsion for OCDS/PEIS (1.5 / 0.6 %), (a) 
right after preparation, (b) stored 1 month at 50Υ.
(a)
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(b)
Fig.9 Cryo-SEM for O/W/O emulsion with organoclay 
Fig.10  Schematic depiction of effect of W/O interface on O/W/O 
emulsion system; (a) rigid interfacial membrane with organoclay 
prevents the internal oil droplets from coalescence with the external oil 
phase, (b) the internal oil droplets are more likely to be absorbed by 
external oil phase without organoclay.
(a) (b)
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Fig.12  Effect of  inclusion compound concentration on the viscosity 
of O/W/O emulsion. Weight ratio of OCDS to PEIS is fixed at 0.2. 
Content of the total amount of 
OCDS+PEIS (wt%)
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Fig.11  Effect of lipophilic non-ionic surfactant concentrations of on 
the viscosity of O/W/O emulsions.  The open circle (䕿) represents 
the O/W/O emulsion using 0.75% of lipophilic non-ionic surfactant, 
the open square (䕕), 1%, the open triangle (䕧), 2%.
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ΦO/W
Components 0.1 0.2 0.3 0.4 0.5
Inner oil 
phase Liquid Paraffin 7 14 21 28 35
Water 
phase
water
1,3-butylen glycol
HCO60
52.6
10
0.4
45.2
10
0.8
37.8
10
1.2
30.4
10
1.6
23
10
2
Outer oil 
phase
Liquid paraffin
OCDS
PEIS
2
0.4
27.6
Table 5  Formula of O/W/O emulsion for varying 
Φ(O/W)/O
Components 0.5 0.6 0.65 0.7 0.8
Inner oil 
phase Liquid Paraffin 15 18 19.5 21 24
Water 
phase
water
1,3-butylen glycol
HCO60
24.29
10
0.71
29.14
12
0.86
31.57
13
0.93
34
14
1
38.8
6
15
1.14
Outer oil 
phase
Liquid paraffin
OCDS
PEIS
46
3.33
0.67
36.8
2.67
0.53
32.32
2.33
0.47
27.6
2
0.4
18.4
1.33
0.27
Table 4  Formula of O/W/O emulsion for varying weight fraction of inner oil 
phase ratio
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Fig.13  Effect of weight fraction of internal oil (φO/W) (as measured by 
the ratio of internal oil weight to the whole internal O/W phase weight) 
viscosity of O/W/O emulsion.  The open circle (䕿) represents that the 
stable O/W/O emulsion was obtained, the cross (㽢), unstable state (oil 
float was observed).
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Fig.14  Effect of weight fraction of O/W phase on the diameter of water 
droplets and the hardness of O/W/O emulsion.  The open circle (䕿) represents 
that the stable O/W/O emulsion was obtained, the open triangle (䕧), slightly 
oil floated or water separation was observed, (㽢) not obtained.
D
ia
m
et
er
 o
f w
at
er
 d
ro
pl
et
s (
μm
)
Weight fraction of O/W phase            
H
ar
dn
es
s o
f O
/W
/O
 e
m
ul
si
on
   
   
116
water
䠄O2barrier䠅
retinol
Table 5 Solubility of oxygen to solvent
solvent Solubility*
䠴10䠉2䞉cm3/cm3䠄25Υ䠅
Water 2.8 
Ethanol 4~6
ester oils around 10
Hydro carbons around 20
Silicone oils around 30
Fig.15  Schematic depiction of retinol stabilization in O/W/O 
emulsion.
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outer oil
inner oil
Components LP* solution O/W W/O O/W/O
Inner oil phase Liquid paraffin 99.9 10 10
Retinol 0.1 0.1 0.1
Water phase 1,3-Butanediol 5 5 5
Glycerine 5 5 5
PEG60 caster oil 1 1
Carbomer 0.1
Methylparaben 0.1 0.1 0.1
Ion-exchanged water to 100 to 100 to 100
Outer oil phase Liquid paraffin 27.6 27.6
Smecton DS-100 2 2
PEG14 Di-isostearate 0.4 0.4
Retinol 0.1
Table 6  Formulas (%) of Emulsions and Retinol Stability
Remaining percentage of Retinol
at 50 Υ after 4 week 0 32.3 45.7 59.6
* LP; Liquid paraffin:
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Fig. 16 Effect of peroxide in an O/W emulsifier (Nikkol HCO-60) on 
the stability of Vitamin A palmitate (VA-pal); the remaining 
percentage of VA-pal at 50Υ after 17 day. POV, peroxide value; 
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Fig. 17 Ffect of organophilic clay minerals and O/W emulsifiers on retinol 
stability; the remaining percentage of retinol at 50 Υ, with (䖃) Smecton 
DS100 and Emulex 600 di-IS, (䕦)Smecton DS100 and Emulex 600 di-O, 
(䕺) Benton 38 and Emulex di-IS, (䕔) Benton 38 and Emulex di-O.
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Fig. 18 Effect of inner oil phase ratio (φi) on the stability of 
retionol; the remaining percentage of retinol at 50 Υ after 2 
weeks, (䖃) in O/W/O, and (䕔) in O/W. 
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Fig. 19 Effect of inner oil phase ratio (φi) on encapsulation 
percentage (the ratio of retinol in inner oil phase to the total amount 
of O/W/O emulsion); (䕿) day 0, (䖃) 2 weeks at 50Υ. 
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φi = 0.1 φi = 0.2
ΔC retinol(φi = 0.1) > ΔC retinol (φi = 0.2) 
A B
retinol
Fig. 20 Schematic depiction of retinol distribution in O/W/O emulsions at 
the same concentration of retinol; (A) φi = 0.1, (B) φi = 0.2. The difference 
of retinol concentrations between the inner and outer oil phase (ΔC retinol) 
induces retinol to migrate from the inner oil phase to the outer oil phase, 
resulting in a decrease of encapsulation percentage. 
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Fig.21 Effect of antioxidants on retinol stability in O/W/O emulsions; the 
remaining percentage of retinol at 50Υ, (䖃)control, (䕿) 0.05% 
Buthylhydroxytoluene (BHT), (䕕) 0.1 sodium ascorbate 䠄AsANa), (䕻) 
0.1% EDTA3Na, (䕧) mixture (0.05% BHT, 0.1%, 0.1% EDTA). 
sensor
weight
sample
Fig.22 Phase inversion measurement system
Material W/O O/W/O
Inner oil phase Liquid paraffin - 5~10wt%
Higher alcohol - 3
Water phase Glycerine 5 5
Sodium Stearoyl glutamic acid - 1
preservatives 0.1 0.1
Ion exchanged water 100 – content of other materials
Outer oil phase Volatile silicone oil 20 20
Organophilic clay 2 2
PEG-10 Dimethicone 1 1
Table 5 Formulation for inbestigation
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Inner oil  12䠂
Inner oil  0%
Inner oil  5䠂
Inner oil  8䠂
Accumulated number of reciprocal movements of the sensor
0.02
0.03
0.04
0.02
0.03
0.04
0.02
0.03
0.04
0 100 200
0.02
0.03
0.04
Fig.23 Changes of frictional coefficient during applying, the inner oil phase 
ratio for O/W/O emulsion is (a) 12wt%, (b) 8wt%, (c) 5wt%, (d) 0wt% 
(=W/O emulsion), respectively
(a)
(b)
(c)
(d)
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䠏䠌μ䡉
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Fig.24 Changes of frictional coefficient during applying, the average 
water droplet size is  (a) 30μm, (b) 15μm, (c) 5μm, respectively
(a)
(b)
(c)
Accumulated number of reciprocal 
movements of the sensor
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D E F
D E F
Fig.25 Microphotograph of the O/W/O observed (a) before drastic 
change for the first time (b) during the friction decreasing (c) after 
the second change
D E
Fig.26 Appearance of  (a) W/O emulsion with 90% water phase 
ratio (b) O/W/O emulsion with 87% inner phase ratio 
125
126 
 
6❶ ⤖ゝ   
  
ᆅ⌫ࢆ௦⾲ࡍࡿ㖔≀࡛࠶ࡿ⢓ᅵࡣ༓ࡢ⏝㏵ࢆᣢࡘ⣲ᮦ࡜࠸ࢃࢀࠊ฼⏝ἲࡶከᒱ
࡟ࢃࡓࡗ࡚࠸ࡿࠋ໬⢝ရ࡟࠾࠸࡚ࡣࠊ⢓ᅵ㖔≀ࡣ⓶⭵࡟ᑐࡋ࡚Ᏻ඲࡛ࠊప౯᱁࡛
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6-1. ࢫ࣓ࢡࢱ࢖ࢺ㸫PEG 」ྜయࡢὶື≉ᛶ࡜࢚࣮ࢪࣥࢢᣲື  
⢓ᅵࢤࣝࡢ▷ᡤ࡛࠶ࡗࡓ㞳Ỉ࡜⤒᫬࡛ࡢ⢓ᗘኚ໬ࢆᢚไࡍࡿࡓࡵ࡟ࠊศᏊ㔞ࡢ
␗࡞ࡿ PEG ࡜ࡢ」ྜయศᩓᾮ࡟ࡘ࠸࡚◊✲ࡋࡓࠋࡑࡢ⤖ᯝࠊศᏊ㔞 4000 ௨ୖࡢ
㧗ศᏊ PEG ࡣ⢓ᅵ㖔≀⢏Ꮚ࡟྾╔ࡋࠊ⢓ᅵ㖔≀⢏Ꮚࡢ෌㓄ิ࡟క࠺࢚࣮ࢪࣥࢢ
⌧㇟ࢆ㐜ࡽࡏࡓࠋࡉࡽ࡟୰ᛶ௜㏆࡟ㄪᩚࡋࡓࢫ࣓ࢡࢱ࢖ࢺ༢⊂ศᩓᾮ࡛ࡣㄪ〇 1
᪥ᚋ࡟㞳Ỉࡍࡿࡀࠊ㧗ศᏊ PEG 㓄ྜ㓄ྜ࡟ࡼࡾᑡ࡞ࡃ࡜ࡶ 1 ᖺࡣ㞳Ỉࡋ࡞࠸≧
ែࢆಖࡘࡇ࡜ࡀ࡛ࡁࡓࠋࡇࢀࡣࠊ㧗ศᏊ PEG ࡀ⢓ᅵ㖔≀⢏Ꮚࡢᵓ㐀ኚ໬ࢆ⦆࿴
ࡍࡿࡇ࡜㸪⢓ᅵ㖔≀ࢆᵓᡂࡍࡿ஧౯㝧࢖࢜ࣥ㸦㔠ᒓ࢖࢜ࣥ㸧ࡢ⁐ฟࢆᢚไࡍࡿࡇ
࡜ࡀせᅉ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ  
ࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊ⢓ᅵ㖔≀⢏Ꮚࡢᚰᆅࡼ࠸ឤゐࢆᦆ࡞࠺ࡇ࡜࡞ࡃࠊỈ⣔ᇶ๣
࡟࠾ࡅࡿࢤࣝ໬๣࡜ࡋ࡚ࢫ࣓ࢡࢱ࢖ࢺࢆ฼⏝࡛ࡁࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋ  
 
6-2. ሷ࠾ࡼࡧ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࢆྵࡴࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ⢓ᗘኚ໬࡜ங໬
⬟࡟㛵ࡍࡿ◊✲  
ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ࡟ࠊࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚࡀจ㞟࣭ỿẊࡍࡿ⛬ᗘࡢ⃰ᗘࡲ࡛ሷ
ࢆῧຍࡍࡿ࡜ࠊᏳᐃ࡞ங໬≀ࡀㄪ〇࡛ࡁࡿࡇ࡜ࡀศ࠿ࡗࡓࠋࡲࡓࠊࢫ࣓ࢡࢱ࢖ࢺ
࡜✀ࠎ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜ࡜ࡢ」ྜయ࡟ࡘ࠸࡚ࠊ⢓ᗘᣲື࡜ங໬⬟࡟ࡘ࠸࡚ㄪ࡭
ࡓࠋ✀ࠎ࢝ࢳ࢜ࣥ໬࣏࣐࣮ࣜ࡜ࡢ」ྜయࡣ NaCl ࢆ 3wt%ྵࡴỈ୰࡛ࡶቑ⢓ຠᯝ
ࡀ࠶ࡾ㸦⪏ሷᛶቑ⢓ຠᯝ㸧ࠊ࠿ࡘங໬๣࡜ࡋ࡚ᶵ⬟ࡍࡿࡇ࡜ࡀศ࠿ࡗࡓࠋ≉࡟࢝
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ࢳ࢜ࣥ໬ࢭ࣮ࣝࣟࢫ࡜ࡢ」ྜయࡣࠊ⪏ሷᛶ࠾ࡼࡧங໬⬟ࡀ㧗ࡃࠊࢫ࣓ࢡࢱ࢖ࢺ
3st%࡟ᑐࡋ࣏࣐࣮ࣜࢆ 0.05wt%㓄ྜࡍࡿࡢࡳ࡛ࠊNaCl ࢆ 3wt%㓄ྜࡋ࡚ࡶቑ⢓ຠ
ᯝࢆ᭷ࡋࠊࡲࡓἜศ 50wt%ࢆᏳᐃ࡟ங໬࡛ࡁࡓࠋ  
 
6-3.  ᭷ᶵኚᛶ⢓ᅵ㖔≀ࢆ⏝࠸ࡓW/O ங໬〇๣ࡢㄪ〇᪉ἲ࡜ࢫ࢟ࣥࢣ࢔〇๣࡬
ࡢά⏝  
᭷ᶵኚᛶ⢓ᅵ㖔≀࡟ࡼࡿ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥࡢࢤࣝ໬࣓࢝ࢽࢬ࣒࡜ࠊࡑࡢ࢜࢖ࣝ
ࢤࣝ࠿ࡽᚓࡽࢀࡿW/Oᆺங໬〇๣࡟ࡘ࠸࡚◊✲ࢆ⾜ࡗࡓࠋ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᙧ
ᡂࡍࡿ࢜࢖ࣝࢤࣝࡢ⢓ᗘࡣࠊ⏺㠃άᛶ๣ࡢῧຍ㔞ቑ኱࡟ᚑ࠸ࠊᒙ㛫ᣑ኱㸦⢓ᗘኚ
໬࡞ࡋ㸧Ѝ⢓ᅵ㖔≀࡝࠺ࡋࡢࢿࢵࢺ࣮࣡ࢡᙧᡂ㸦ቑ⢓㸧→ࢿࢵࢺ࣮࣡ࢡ◚ቯ㸦ῶ
⢓㸧ࡢ㐣⛬ࢆ⤒࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࢀࡼࡾࠊᏳᐃ࡞W/Oᆺ࢚࣐ࣝࢩࣙࣥࢆ
ㄪ〇ࡍࡿࡓࡵ࡟ᚲせ࡞᭱ᑠࡢ⏺㠃άᛶ๣㔞ࡀ᫂ࡽ࠿࡜࡞ࡾࠊ⤖ᯝ࡜ࡋ࡚ᚑ᮶ࡢࢩ
ࣜࢥ࣮ࣥ⣔ங໬〇๣ࡼࡾࡶ࡭ࡓࡘࡁࡀᑡ࡞ࡃࠊ⫙࡞ࡌࡳࡶⰋ࠸〇๣ࡀㄪ〇࡛ࡁࡓࠋ 
  
6-4.  O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇࡜ࡑࡢ໬⢝ရ࡬ࡢᛂ⏝  
 ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᙧᡂࡍࡿ࢜࢖ࣝࢤࣝ࡟ O/W ࢚࣐ࣝࢩࣙࣥࢆ෌ங໬ࡍࡿ
ࡇ࡜࡛ࠊ⏺㠃άᛶ๣࡛ࡣᐇ⌧ᅔ㞴࡛࠶ࡿᏳᐃ࡞ O/W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡍ
ࡿࡇ࡜ࡀ࡛ࡁࡓࠋࡇࡢ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢෆἜ┦୰࡟㓄ྜࡋࡓࣅࢱ࣑ࣥ A
࢔ࣝࢥ࣮ࣝࡣࠊྠࡌ⤌ᡂࡢ O/W ᆺࡲࡓࡣ W/O ᆺ࢚࣐ࣝࢩࣙࣥࡢἜ┦୰࡟ῧຍࡋ
ࡓࣅࢱ࣑ࣥ A ࢔ࣝࢥ࣮ࣝࡢṧᏑ⋡࡜ẚ㍑ࡋ࡚㢧ⴭ࡟㧗࠿ࡗࡓࠋ⢓ᅵ㖔≀࡟ࡼࡿ
⏺㠃⭷ࡢᅛ໬ࡀࠊங໬≀ࡢ⤒᫬Ᏻᐃᛶྥୖ࡜ࠊ୙Ᏻᐃ໬⸆๣ࡢᏳᐃ໬࡟ᐤ୚ࡋ࡚
࠸ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ  
ࡉࡽ࡟ࠊෆἜ┦࡟㧗⣭࢔ࣝࢥ࣮ࣝ࡜࢔ࢽ࢜ࣥᛶ⏺㠃άᛶ๣ࢆ㓄ྜࡋࠊW/O ⏺㠃
ࡢࡳ࡞ࡽࡎ O/W ⏺㠃ࢆࡶᅛ໬ࡍࡿࡇ࡜࡛ࠊሬᕸ୰࡟ 2 ᅇࡢឤゐኚ໬ࢆࡶࡓࡽࡍ
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡀㄪ〇࡛ࡁࡓࠋࡇࢀࡣࠊங໬⢏Ꮚࡢྜ୍ࡸᅛᙧ≀࡝࠺ࡋ
ࡢจ㞟ࡀཎᅉ࡛࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓࠋࡇࡢឤゐኚ໬ࡣෆἜ┦ẚࡸங໬⢏Ꮚᚄ࡟ࡼ
ࡗ࡚ࢥࣥࢺ࣮ࣟࣝྍ⬟࡛࠶ࡗࡓࠋ  
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ࡲࡾ㈷ࢆ᧡㠴ࡈࠊᑟᣦࡈ࡜ࡋࡲບ࠸࠿ ࡾࡓࢃ࡟ᖺ㛗ࠊࡾࡓ࠶࡟࠺⾜ࢆ✲◊ᮏ 
ࠋࡍࡲࡋ⾲ࢆពࡢㅰឤࡽ࠿ᚰ࡟⏕ඛ┿ὸ‮⛉Ꮫ໬ᴗᕤ㒊Ꮫᕤ⌮Ꮫ኱⛉⌮ிᮾࡓࡋ
ࡋࡲࡁ࡛ࡀ࡜ࡇࡿࡍᡂ᏶ࢆᩥㄽ࡟ࡇࡇࠊࡀࡓࡋࡲ࠸ࡊࡈࡀᮇ᫬࠸㎞࠿ᅇఱ࡛୰㏵
ࡊࡈ࠺࡜ࡀࡾ࠶ࠋࡍࡲࡾ࠾࡚ࡗᛮ࡜ⶱ࠾ࡢ࠼ᨭ࡜ࡋࡲບࡢ⏕ඛ࡟࠼࡜ࡦࠊࡶࡢࡓ
  ࠋࡓࡋࡲ࠸
 
㒆  ⛉Ꮫ໬ᴗᕤ㒊Ꮫᕤ⌮Ꮫ኱⛉⌮ிᮾࠊࡓࡋࡲࡁ㡬ࢆㄽウࡈ࡞┈᭷ኚ኱ࠊࡓࡲ 
ࠊ⏕ඛேຬ⏣࿴኱  ⛉ᏛᕤႠ⤒㒊Ꮫ ྠࠊ⏕ඛ㑻ᩍ஭ᆏࠊ⏕ඛ஧᫭ග᭷ࠊ⏕ඛ༤ኳྖ
࡟ࢇࡉ⏣ᰘࡢ᭩⛎ࡓ࠸㡬ࢆࡋࡲບ⤊ጞ࡟ࡧࡽ࡞⏕ඛ๎ோ℩᪩⛉ᏛᕤᲔᶵ㒊Ꮫྠ
  ࠋࡍࡲࡆୖࡋ⏦ㅰឤ
 
஽ᮏᒸࠊẶ❶⏣㔝ࡢᇽ⏕㈨㸧ᰴ㸦ࠊࡓࡋࡲࡁࡔࡓ࠸࡚࠼୚ࢆ఍ᶵࡢ⾲Ⓨᩥㄽᮏ
  ࠋࡍࡲࡆୖࡋ⏦ㅰឤࡃ῝࡟ࡲࡉ࡞ࡳࡢ൉ྠࠊࡧࡼ࠾ྖୖࡿࡍ࡜ࡵࡌࡣࢆẶ
 
ᇽ⏕㈨㸧ᰴ㸦ࠊࡶࡢࡓࡋࡲࡁ࡛ࡀ࡜ࡇࡿࡍ⾜㐙ࢆ✲◊ᮏࠊࡀࡓࡋࡲࡾ࡞࡜ᚋ᭱ 
㛫࠼⤯ࡢ᪘ᐙࡾࡼఱ࡚ࡋࡑࠊࡋࡲບࠊゝຓࡈࡿ࡞኱ከࡢே཭ࠊே▱ࡸࡲࡉ࡞ࡳࡢ
ࠊࡽࡀ࡞ࡾ࠶࡛ጔࡾ࠶࡛ẕࠋࢇࡏࡲࡾ࡞௚࡟ࡽ࠿ࡓࡗ࠶ࡀ࠼ᨭ࡜ࡋࡲບ࠸࠿ ࠸࡞
බ࡚ࡋࡑࠊ₩ኵࠊẕ⩏࡜ぶ୧ࠋࡓࡋࡲࡾཧ࡚ࡋࡸ㈝ࢆ㛫᫬ࡢࡃከ࡟ᡂసࡢᩥㄽᮏ
  ࠋࡍࡲࡋㅰឤࡃ῝࡟ⰼඃ⯙ዪ㛗࡜㍤៞⏨㛗ࡓࢀࡃ࡛ࢇ㐠ࢆ㊊ࡶ࡟఍⫈
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